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THE ROYAL AERONAUTICAL SOCIETY 
(Founded 1866) 
with which is incorporated the Institution of Aeronautical Engineers 


VOLUME XLII 


The G2Ath Lecture read before the Royal Aeronautical S 
ils foundation on January 12th, 1866. 


PROCEEDINGS 

A meeting of the Society was held at the Institution of Mechanical Engineers 
on Thursday, October 21st, 1937. In the chair, Mr. A. H. R. Fedden, 
Vice-President. 

The CHairmMan: On this the first occasion upon which he had had the honour 
to preside at a lecture before the Royal \eronautical Society, there were very 
few people he would like to have the privilege of introducing more than the 
lecturer that evening, Mr. F. M. Thomas, who came to England in 1934 from 
America and joined the de Havilland Company to help build variable pitch 
propellers. Although Mr. Thomas had been with them in this country for such 
a comparatively short time he was known to many members of the Society and 
was respected by all of them for his clear and honest thinking on the somewhat 
new and varied problems of variable pitch propellers. Mr. Thomas graduated 
at Harvard and afterwards joined the staff of the Massachusetts Institute of 
Technology. Later on he went to the Research Division of the United Aircraft 
Corporation of America, and was associated with the Pratt and Whitney Company 
and the Hamilton Standard Propeller Company. He himself made contact 
vith Mr. Thomas in connection with an extremely interesting paper on engine 
‘owling and cooling, of which he was co-author, which was read before the 

ciety of Automotive Engineers in America in 1934, for which Mr. Thomas 
received the Manly and Wilbur Wright Gold Medals. From this paper it would 
be appreciated that Mr. Thomas was a versatile engineer with considerable 
experience on the aerodynamic and engine sides of aeronautical research. The 
paper to be presented that evening was a joint affair with Mr. Thomas’s two 
collaborators, Mr. F. W. Caldwell and Mr. T. B. Rhines. Mr. Caldwell was 
technical head of the Hamilton Standard Propeller Company of America and his 
work on propellers had a world-wide reputation. Mr. Rhines was with the 
Research Division of United Aircraft Corporation. 

Mr. Thomas did not read the written paper but instead discussed it from the 
point of view of the writers. 

Mr. F. M. Tnromas (Associate Fellow): Those who have already read the 
written paper may have formed the impression that it is low-brow. They may 
have felt that the writers have reduced a majestic science, resplendent with double 


integral signs and a time honoured ritual to what is little more than a few new 
definitions and a few processes of arithmetic. 

If this impression was gained, they were glad, because that was the object of 
i the work. 


Most people, Mr. Thomas said, who have carried out a complete aeroplane 
performance calculation have been thoroughly annoyed at the complexity of the 
' airscrew portion of the work and have probably wondered why this should be 
so and what could be done to simplify it. 
Gradually the trend of events indicates a new direction of thought and _ it 
becomes natural to re-arrange ideas. 
He suggested that the present is a particularly appropriate time to reconsider 
the state of airscrew affairs. In the first place, the wide acceptance of the 
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variable pitch airscrew has introduced new needs for data. In the second place, 
the research facilities of the world are now equipped to cope with problems of 
large size and high speed. And third, the general trends of theory and practice 
are getting further apart. 

The development of engineering products 1s in a state which might appear to 
be confusion because the tools at the disposal of the technician have been 
multiplied far more rapidly than has the comprehension of the basic principles 
underlying the use of the tools, not to mention the principles governing the 
natural phenomena themselves. 


Two centuries ago the opposite was true. Theories appeared clean cut because 
practice lagged behind. ‘To-day it seems as if ideas can scarcely keep pace with 


facts established by test. 

The major problem of airscrew performance calculation is primarily one of 
sorting out data, Mr. Thomas said 

No two engineers approach a broad problem with the same point of view or 
with the same methods of attack. At one end of the scale is the specialist in 
theory who can explain or predict anything with the aid of a few differential 
equations; and at the other end, the pure pragmatist. 

There is an element of pathos, the lecturer thought, in the fact that the 
theorist is in a continually losing struggle to keep up with the purely practical 
man. He is able to frighten a practical man into holding his tongue until he 
is sure of himself, but everyone must admit that the theorist is to-day definitely 
on the run. He predicts something and the practical man checks it; from that 
time on the theorist leads a miserable life trying to explain to himself why the 
two don’t agree. 

The struggle is particularly acute in aerodynamics. Pure hydrodynamical 
theory is perhaps as complex and precise as any theory. But, however nice the 
theory may be, the form of fairing on a strut connection is most likely to be 
determined by someone who has been watching a seagull. In applied airscrew 
science, one can find numerous similar cases in which neither theory nor test 
analysis have provided the man who wants results in a hurry with correct and 
easily used technical information. In his need, he habitually uses R.A.F. section 
data as if it applied to Clark aerofoils, and so forth. It cannot be emphasisec 
too frequently that the greatest source of error is caused by using test data that 
only partially apply. 

The blame for these errors lies partly in lack of data and partly in the fact, 
already mentioned, that theory and practice are rapidly diverging. 

He then gave some examples from pure theories which illustrate why the 
practical engineer prefers to work with test data. 

The momentum theory, since it assumes uniform distribution of thrust over 
the airscrew disc, implies that best efficiency will be obtained by using as many 
blades as possible. The blade element theory, on the other hand, since it applies 
a heavy penalty to efficiency for blade interference, might lead one to think that 
it is best to use as few blades as possible. The momentum theory says nothing 
about what aerofoil sections or shapes of blades are best and the blade element 
theory advises shapes which are structurally impossible. The momentum theory 
says that the airscrew diameter should be as large as possible, while the blade 
element theory recommends moderation. But it does not much matter which 
advice is taken, because, for the majority of cases, either engine or aircraft 
considerations will rule the choice. 

From all this controversy the dimensional theory stands coldly aloof, saying 
try it and see.”’ 

Now these conflicts of theory are unfortunate but not damning. The momentum 
theory has made very valuable contributions to practical airscrew aerodynamics. 

The blade element theory has been, and the lecturer thought that it probably 
always will be, vitally necessary to the specialist in airscrew design. Examination 
of it in some detail would give an insight into how it grew up, and to what extent 
other methods of approach are legitimate. 
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In this theory, each portion of the blade of an airscrew is considered as an 
aerofoil, or wing section, reacting to simple air loads. The lift and drag of 
each element are functions of the factors which affect any aerofoil in an airstream. 

The first step in adapting the theory to a rotating aerofoil is to compound 
the rotational and forward velocities. In order to observe the fundamental 
parameter of angle of attack, this step introduces the first particular airscrew 
parameter, J=V/nD. 

The next step is to convert the aerodynamic forces on the element from lift 
and drag, a concept which originated for fixed aerofoils, to thrust and torque; 
these parameters were introduced solely because they relate readily to the results 
which the aeroplane performance calculator wishes to get from the airscrew. 

Mr. Thomas said that it was interesting to note that a long view of the whole 
field of practical aerodynamics had been taken and that the structure of aeroplane 
and engine methods of analysis had been assumed. If the engine and aeroplane 
portions of performance analysis had required a different way of defining what 
the airscrew does, the whole form of the basic airscrew theory would have been 
changed. 

The next step in adapting general acrodynamical theory to airscrews is to 
make allowances for minor effects, such as the increment of forward velocity 
introduced by the thrust of the airscrew itself, and blade interference. The 
sequence of these operations is not precisely defined, but is a matter of choice of 
the analyst, because the bases of the theories are so approximate and debatable. 

The next major step is taken by integrating the characteristics of the sections 
from the root to the tip. After large correction factors have been applied to 
allow for body interference and tip speed, one has a fairly good estimate of the 
airscrew efficiency and power absorption, provided the aerofoil characteristics 
were back-figured from full-scale airscrew tests. But the estimates are only 
for one air speed, one r.p.m., one height and one blade angle. Now, if you 
wish to obtain the performance of a modern variable pitch airscrew by the 
complete blade element method, the whole series of computations will have to be 
repeated about fifty times. 

Thus, Mr. Thomas said, in the very origins of the strip theory one finds 
justification for not considering it sacrosanct but, instead, relegating it to the 
uses to which it is most suited and where necessary devising new methods of 
analysis to meet new emergencies. 

The test of any engineering practice is not only how accurate it is, but also 
how smoothly it fits into an administrative scheme. And in this respect the blade 
element theory falls down badly in that its use requires too much time and 
experience to produce reasonably correct answers to pressing production problems. 

These considerations led the writers to methods of analysing test data which 
are more statistical than aerodynamical. 

And it is with these apologies that we present a method of airscrew calculation 


‘ which we know to be in basic principles inherently approximate. 


The lecturer then summarised briefly the printed paper in such a way as to 
bring out useful conclusions. 

Mr. Thomas then dealt rather fully with the needs for more airscrew test 
data. The whole range of operating régimes was surveyed and particular points 
were commented upon. 

Most people think that a stopped and feathered airscrew gives a much lower 
drag than a windmilling one, whereas the model data that are available show 
that, allowing an airscrew to free-wheel in high pitch achieves practically the 
same drag as feathering. This should be checked at full scale. 

Another astonishing lack of data appears in this fact :—The only extensive 
large scale data that have been published are on R..\.F. section two-bladed 
airscrews at blade angles no greater than 28 degrees, whereas we are to-day 
fitting Clark section three-blade airscrews with blade angles of around 50 degrees. 

The needs for further research in this region can best be explained from a 
tabulation. 
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PERFORMANCE PARAMETERS USED AS Basis For DiscussinG NEEDS FOR 
More Data. 

Operating Conditions. Airscrew Shape Characteristics. 
V/nD. Number of blades. 
Angle of attack. Aerofoil section. ' 
Body interference. Pitch distribution. 
Yaw of airscrew disc. Thickness ratio to chord. 
Reynolds number. Activity factor- 
Tip speed ratio to speed of sound. Tip shapes. 


Root shapes. 
Surface roughness. 


The direct lack of data on operating conditions include the absence of full-scale 
results at low values of V/nD, that is, during the take-off and at low speed 
climbs; we do not know definitely, for instance, what happens when the blades 
unstall. 

Angle of attack, with V/nD, determines the blade angle; the range of blade 
angles which have been tested is not anywhere near large enough to permit 
calculation for climb conditions of airscrews which have variable pitch but do 
not have variable diameter or variable pitch distribution. 

No successful analysis of the effect of body interference has ever been pub- 
lished, either based on theory or on test. Probably this will always be subject 
to ad hoc research and there is a great deal urgently needed at present. 

Most airscrews are yawed when climbing. Data on a simple yawed case 
indicates that there is little loss in efficiency due to yaw; but tests of a model 
airscrew on the leading edge of a wing, a case which seems a type of yaw, show 
such large losses with changes in angle of attack that one dare not make 
corrections according to them. 

Reynolds number is, now that large scale research facilities are available, of 
little importance in comparison to other scale factors such as tip speed. 

The lecturer thought that little is known about tip speed effects. The height 
correction which we use is indicated by dimensional theory, but there is as yet 
no experimental verification of it. Also we are still very much in doubt as to 
the tip speed at which losses begin. Does the loss start suddenly at about one 
thousand feet per second as the N.A.C.A. fairly large scale data indicate? Or 
is the loss gradual from around seven or eight hundred feet per second as is 
indicated by R. and M. model data? 

The direct absences in the data on airscrew shape characteristics are very 
numerous. I have mentioned the almost total absence of any three-way airscrew 
data. 

Such full-scale data as have been published, concentrate almost entirely on 
R.A.F. section blades, with only an indication as to how the Clark section 
airscrews differ. Mr. Thomas was aware of no data whatever on airscrews 
having any of the newer aerofoil sections, some of which appear attractive for 
constant speed airscrews. 

Enough tests have been carried out with varying pitch distributions to indicate 
certain qualitative conclusions, such as that the best compromise pitch distribu- 
tion uses a very much lower V/nD than one would think. But the lack of precise 
quantitative information is serious. 

The general effects of variations in thickness are calculable from theory. The 
available full-scale data is conflicting. The effects of variations in thickness 
distribution and of thicknesses at high tip speeds are notably missing. 

Aspect ratio is of less importance that activity factor. The full-scale data 
which are available include the large effects of body interference. Although 
theory gives a good indication as to whether a certain value of activity factor 
should be obtained by adding plan form width at the tip or at the root, structural 
considerations make it important to have these things investigated much. more 
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thoroughly. For instance, the effects of a large size spinner upon aeroplane 
performance are still in doubt. 

We know of no data showing the effects of surface roughness. Calculations 
based on compressed air tunnel results at high Reynolds numbers and carried 
out according to the strip theory, indicate that a fast aeroplane might lose five 
miles an hour due to roughening the blades by painting. Looked at another way, 
this estimated but unchecked loss could be evaluated as five per cent. added to 
the fuel consumption. 

But more serious than the direct lacks, are the needs for data on the secondary 
effects of the interaction of blade shape characteristics and certain operating 
conditions. In the order of their seriousness we list :—Practically no test data 
are available on the effects of blade shape variations at low air speed. The 
effect of angle of attack upon tip speed loss is vitally needed. Pitch distribution 
should be mentioned again because it affects all conditions of operation and so 
little is known about it. 

Mr. Thomas took time to analyse these needs for more data, partly because 
the form of this analysis made it easy to do a job which ought to be done and 
partly to insure the writers of this paper against criticism for having so boldly 
extrapolated all the curves beyond the actual test results. 

He concluded by thanking the officers of the Society for the privilege of laying 
their work before it. 


PRACTICAL AIRSCREW PERFORMANCE CALCULATIONS. 
By F. M. THomas,' W. CALDWELL? and T. B. RuINEs.* 
SUMMARY. 

To the practical designer the cumulative knowledge on airscrews seems 
at present to be in an unsatisfactory state of disorder. He wants to get reasonably 
accurate estimates reasonably quickly, without taking the time to become a 
specialist. 

Several airscrew theories exist, but they either give wrong answers or take 
too long to work out, or both. 

The great mass of test data that have been accumulated is so confused in a 
tangle of variables that the practical designer is often forced to select a test 
report almost at random and use it as if it applied to his particular problem ; 
isually it does not and the calculation is seriously in error. 

The present study attempts to clarify airscrew practical knowledge by co- 
ordinating data in a form suitable for use in performance calculations. — It 
embraces the whole body of test data, but places particular reliance upon large 
scale wind tunnel results. 

The arrangement of the analysis is such as to permit quick estimates to be 
made, the degree of accuracy obtained being a function of the amount of time 
available to the calculator. It is also designed to be as foolproof as possible so 
that it may be readily applied by inexperienced calculators. 

It is especially adapted to calculations of the performance of aluminium alloy 
variable pitch airscrews. 

One of the points brought out in the paper is the need for more data on certain 
subjects. They are specifically designated, and suggestions are made for carrying 
out research. 

PRELIMINARY. 

Some happy day you may be able to put a few figures in a well authenticated 
formula and then begin your course through a large book arranged something 
like trigonometrical taoles. Shortly you will find an airscrew diameter which is the 


' De Havilland Aicraft Co. 
Hamilton Standard Propellers. 
* Research Division, United Aircraft Corporation. 
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best compromise for your case; further pursuit will yield blade angles, power 
absorptions and efficiencies for various operating conditions. The whole job will 
be done in a few minutes and you will then be able to carry on with the main 
problem of designing aeroplanes. 

Unhappily that degree of the standardisation of airscrew data is a long way 
off, although it is fast coming in other branches of aeroplane design. As the bulk 
of detailed aeronautical knowledge has grown, specialists have arisen to whom 
the aeroplane designer goes for specific results applicable to his problem. In the 
field of aeroplane design proper segregation of specialists is evident in such 
branches as vibration, metal construction, high lift devices, interior decoration 
and ‘* plumbing.’’ The aeroplane designer has almost completely unloaded 
certain other branches. For a long time now engine designers have worked 
substantially independently. Other groups handle undercarriages. Airscrews are 
designed and manufactured by separate organisations, but the aeroplane designer 
is still faced with the almost impossibly complex task of correlating airscrew and 
engine data with particular reference to his aeroplane. 

The accurate determination of the power absorption and efficiency characteristics 
of airscrews is becoming increasingly important. The demand for improved 
aeroplane performance has resulted in diversified specialisation of aeroplane and 
engine types. These trends make more necessary than ever an accurate knowledge 
of the performance characteristics of airscrews. 

Airscrew Theories.—Looking broadly on the performance problem we see first 
of all an imposing aerodynamic theory which in its purest form is not unlike the 
theory of elasticity or the theory of electrical fields. Its usefulness is analogous 
to their application to the design of a roof structure on a tramcar. 

Next there is the blade element theory which, with all its various borrowing 
from pure theory, is a fairly accurate reflection of the currently best methods of 
wing design. Essentially it treais the clements of an airscrew blade as if they 
were sections of a wing. It does this so thoroughly that it is to-day the surest 
way of obtaining a vivisection view of why and how an airscrew functions. An 
understanding of it is essential to a complete analysis of nearly every airscrew 
performance problem. 

Two major criticisms of the blade element theory may be made: It is so 
intricate that its use involves a very long time to carry out a practical performance 
calculation. It is so inaccurate, in spite of its care in detail, that reasonably 
good results can be obtained with it only by back figuring from tests on complete 
airscrews to obtain coefficients which, if the theory itself were complete and 
correct, should be obtainable from ordinary aerofoil data. 

Further in the broad view one sees the almost outmoded momentum theory. 
This one treats the whole slipstream as a fluid mass in motion, more as if the 
problem were one of mechanics than aerodynamics. It is still useful to the 
specialist for gauging the general trend of phenomena for which little data is 
available. 

Entirely to one side is the now nearly forgotten dimensional theory. By a 
brilliant mathematical trick it set up the complete equation defining all airscrew 
phenomena. It is true that many of the non-dimensional factors in that equation 
were filched from other theories, but it is still interesting that the dimensional 
theory, with little more additional than borrowed background, is sufficient for a 
thorough analysis of airscrew test data. Almost all of the coefficients used in 
any practical problem may be derived from it, but as a source of data it tells 
us nothing. 

None of the available theories agree in all phases of performance to a reasonable 
extent, and in most phases most of the theories disagree considerably. Each is, 
however, useful in its own way if used with discretion. 

This, then, is the background of theory with which the designer is confronted : 
A confused complexity of irreconcilables, misleading and almost hopelessly 
intricate. 
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{t is small wonder that he has turned impatiently from theory to something 
more tangible, preferring to put his faith in actual test data. 

Literally thousands of airscrews have been subjected to aerodynamic analysis, 
both in wind tunnels and in flight. Much of the information obtained has been 
published, it having been partially broken down for use by means of the various 
familiar coeflicients. 

In England the tendency has been to carry the analysis as far as a fairly com- 
plete breakdown into aerofoil coefficients for use with the blade element theory. 
This is probably because the data were obtained on models and contained many 
scale effects which make it unsuitable for less complete systems. 

Most American data have not been analysed so thoroughly, but have been pre- 
sented in the form of airscrew coefficients. Because it was obtained in the 
N.A.C.A. propeller research tunnel, it is at nearly full-scale, which at least gives 
it an air of verisimilitude. 

This data is in fact quite accurate for the specific cases which were tested; 
but the results obtained with it are in practice usually in error. The tendency 
to-day is for designers to search through all the great mass of test data for a 
case which is “‘ like ’’ the design problem and then to use it as if it were identical. 
It is the opinion of the authors that the greatest errors in airscrew performance 
calculations arise from using data obtained with an airscrew which is different 
from the one to which the calculations are applied. 


OspJECT AND BRIEF HISTORY OF THIS STUDY. 

The difficulty of attacking a broad problem of this type is not that the theory 
is too complicated to understand or that the execution of the calculation for any 
particular case is otherwise difficult. It is simply the fact that the number of 
possible design arrangements is so large that it would appear hopeless to try 
to organise it. Nevertheless, the authors thought that something could be done 
to classify the test data on a rational basis intermediate between the theories and 
the bare results of ad hoc research, somewhat along the lines indicated by W. S. 
Diehl in 1928. 

The present work was begun in 1930 by the Research Division of United 
Aircraft and Transport Corporation under the direction of C. H. Chatfield. By 
1932 it had attained much of its present form and was used extensively until 1934 
when about twenty copies of the method, substantially the same as it here stands, 
were distributed to various companies. During the past three years numerous 
additions have been made as a result of its continuous use for all routine cal- 
culations by the Airscrew Division of the De Havilland Aircraft Co. and by 
Hamilton Standard Propellers. In the former unit calculations have been carried 
out under K. B. Gillmore on roughly 4oo different aeroplane engine combinations 
and probably nearly as many have been made in the latter unit under E. Martin. 

A very great many airscrews designed by these methods have been flight tested. 
Through the co-operation of aeroplane designers numerous corrections have been 
made from time to time, so that it will be found that calculations by these methods 
are borne out by flight tests to a reasonable degree of accuracy. 

DATA AND METHODS OF ANALYSIS. 
(GENERAL DESCRIPTION. 

The ensuing few pages may be skipped by those who are thoroughly familiar 
with the different methods of analysis in common use. More detailed explanations 
are given later. 

Sources.—English and American sources of data are relied on for the analysis. 
Reliance is mainly placed upon the N.A.C.A. mass of large scale test results 
because it is widely used and readily applied; and for this reason much of the 
nomenclature (given in detail near the end of the paper) is of American origin. 
But the range of the N.A.C.A. investigations has not yet equalled that available 
in R. & M.s and therefore they were continually used to check the general trend 
of the results. Flight tests, primarily those conducted by the U.A.T. Research 
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Division, and static whirl tests were valuable in checking and for filling in blank 
spaces. A more complete idea of-the character of the data used can be obtained 
by a glance at the published references listed near the end of the report under 
Bibliography.”’ 

Form of the Analysis.—The large number of variables which influence the 
performance of an airscrew make it impossible to present charts of airscrew 
characteristics which will completely define any airscrew operating under any 
conditions; in other words, the number of operating blade-shape parameters 1s 
so large as to preclude presenting data for all combinations of them. 

It is therefore necessary to adopt some systematic method of combining the 
effects of the parameters. An example of this method of making corrections 1s 
found in the way of allowing for tip speed effect. To apply corrections for all of 
the parameters to a complete plot of airscrew coefficients would require a great 
many curve sheets. Other methods of presenting airscrew data similar to that 
given in this report are discussed under ‘*‘ Application of Data to other Forms of 
Presentation.”’ 

There is another serious objection to plotting airscrew coefficients over the 
full operating range. In using such data, it is usually necessary to calculate a 
much larger range of conditions than is needed. This occurs because frequently 
only one performance characteristic of the airscrew, such as efficiency at cruising 
speed or static thrust, is desired, while these methods of calculation would require 
a trial and error solution for such a condition. This difficulty has long been 
avoided in approximate methods of airscrew estimating by the use of such devices 
as: nomograms for picking the best airscrew diameter, envelope curves giving the 
maximum efficiency which can be obtained with any airscrew at a given value of 
J, and formule for the conditions for zero thrust and computation of the static 
thrust. These methods are particularly convenient to use because they enable 
calculation of the desired characteristic directly. 

All of these considerations entered into the determination of the form which 
this analysis has taken. In general, an attempt has been made to retain the 
advantages of the methods of estimating without sacrificing accuracy. Correction 
factors for deviations from certain given conditions have therefore been built up. 
As they have become more numerous, the method has become increasingly com- 
plicated to use, so that in its present form the method is frankly more complicated 
for certain types of problems than would be another method which was based on 
the usual airscrew coefficients. These cases are not numerous, however. 

The present method of analysis, therefore, has taken a form such that most of 
the operating régimes of an airscrew can be calculated separately. 

Methods.—The starting point was analysis of that operating régime of the 
airscrew which is usually its design condition, that is, maximum or cruising speed. 
Large scale plots in the form of curves of J and efficiency versus C, for each 
constant blade angle were made from the data in N.A.C..\. publications. The 
data were carefully faired so that the values of J corresponding to maximum 
propulsive efficiency might be determined with the greatest possible accuracy. 
From these plots it was then possible to obtain curves of J,, (J for maximum 
efficiency for (,) versus C,, and »,, versus J,, for each airscrew. 

The N.A.C.A. has reported a large number of tests on airscrews with widely 
different shape characteristics, and it was found possible to deduce from these 
tests the effects of changes in each separate characteristic. Thus Reference 9 
reports tests of six airscrews which differ only in blade section and blade thick- 
ness. Reference 5 includes data in which the only variation is in the body inter- 
ference condition. From these and other data the influence of body interference 
on propulsive efficiency was found. In Reference 7 the tests covered simultaneous 
variations in h/b, body interference, and A.F., but by using the analyses men- 
tioned above to correct the data to standard conditions of h/b and body inter- 
ference, the effects of variation in A.F. were isolated. 

The correction to efficiency for tip speed was, in general form, obtained from 
F. E. Weick’s analysis of N.A.C.A. data. Numerous additional corrections were 
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added as these could be deduced from other data or from theory. Flight test 
data formed the basis of the blade angle analysis. The final curve was obtained 
by applying the necessary corrections backward to give the standard conditions. 

Another important operating régime is that near climb. The variation of air- 
screw speed with aeroplane speed and change in blade angle (for controllable 
pitch airscrews) were analysed in a new way. Data for the analysis were taken 
primarily from flight tests and were carefully checked against what would be 
expected from the N.A.C.A. wind tunnei data. Corrections for this s@t of curves 
(Fig. 21) were obtained entirely from wind tunnel data, merely by replotting them 
in the new coefficient form. 

Static thrust data were taken entirely from whirl tests and then compared 
with the wind tunnel data. The method of analysing the static thrust data is 
discussed fully later. 

No small scale wind tunnel data were used alone, but they were used wherevei 
necessary to supplement and clarify full-scale data. For instance, they were 
heavily relied on in determining the body interference correction. 

Occasionally, it was found that the flight test or wind tunnel data gave results 
which did not appear to be reasonable. In such cases calculations were made 
according to the blade element theory in order to provide a rational means of 
fairing the scattered test points. This method was necessarily used for analysing 
the efiects of blade thickness. 

A detailed explanation of how these methods were actually used in the analysis 
will be found later in the report, principally under ‘* Discussion of Figures.”’ 

In general, all available data on each subject were studied. The results of the 
full-scale wind tunnel tests and of well authenticated flight tests were given 
greatest weight. Where necessary, supplementary small scale wind tunnel data 
were used and the whole checked by calculations from theory. Since, in arriving 
at each particular effect, all data were used, the final results are an average and 
therefore more likely to be representative than the data of any single test case. 


ScopE—Data AVAILABLE AND Data LACKING WITH SUGGESTIONS FoR RESEARCH. 

The reliance upon large scale test results naturally gives the method a strong 
bias toward aluminium alloy airscrews of the type whose blades fair gradually 
into a circular root section. These are currently in wide usage and the data 
therefore applies directly to many practical cases. It will not be found difficult, 
however, for those engineers dealing with wooden or micarta airscrews or metal 
airscrews of less usual form, to extend the scope of the charts to cover any desired 
type of design. This can be done in some cases by wind tunnel data (mostly 
small scale) and in other cases by the blade element theory. 

In the following discussion of the scope of the data, emphasis has been put on 
the notable gaps toward which more tests should be directed. It is hoped to 
stimulate research along these lines. The work should have the point of view 
of making the results directly useful to performance calculators as well as to 
airscrew specialists. Full scale is practically essential. In the absence of full- 
scale wind tunnel facilities, flight research would be very valuable; in many ways 
it is preferable. In our opinion, a hub dynamometer which measures both thrust 
and torque in flight is one of the most needed research tools in all aeronautics. 

Coefficients.—To be complete, tests on airscrews should be run over a range 
of v/nD from negative values, through zero to infinite positive values, 7.c., from 
cases of reversed rotation, through take-off, to the stopped airscrews, and with 
a range of blade angles from a large negative value to a positive value of ninety 
degrees. The present writers know of no such tests on full size airscrews, but 
Reference 16 gives the characteristics of one model airscrew over the positive 
v/nD range and with blade angles from — 23° to + 22°. Fig. A shows efficiency 
characteristics for an airscrew in this range, where efficiency is obtained from 
the formula :— 


) 
n= /2 J [2 
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The curves are plotted against v/nD, for various sample values of 6 
Reciprocals of v/nD and y are used where necessary to reduce the size of the 
plot. In the supplementary notations on the figure, thrust is taken as positive 
when acting in the direction of flight, and torque as positive when it opposes the 
normal rotation of the crankshaft. The N.A.C.A. working charts (Reference 6) 
cover the approximate range designated by the shaded portion of Fig. A, while 
other data, in the form of thrust and power coefficients, cover also the zero v/nD 
and the zero thrust regions for about the same blade angle range. 

The data of the present report cover the range denoted by the hatched area of 
Fig. A. It is thus seen that this report slightly extends the blade angle range 
covered by most of the large scale results, but does not attempt to cover the 
complete field. 
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Performance Parameters.—An impression of the scope of the data for practical 


purposes can be obtained from examination of each of the performance parameters. 

Operating conditions :—The original N.A.C.A. data carried up to values of J 
of about 1.2; the present analysis extrapolates to values of about 2.2 in order to 
include this frequently used range. The bulk of the large scale data does not 
go to values of J lower than about 0.35 and that which does was too scattered 
to warrant extending the present method clear down to zero. 

The blade angle data have been extrapolated from 28° to about 45°; flight and 
spin test points are available from 33° down to 3°. Due to lack of data, the 
present method of estimating low pitch settings (Fig. 21) does not cover nearly 
as large a range as is frequently necessary; but this limitation can be avoided by 
using the same method (Fig. 8) as is used for high pitch settings. 

For both the above operating conditions, References 20 and 32 give valuable 
additional information at high blade angles. The validity of the former is 
weakened by the work having been done with a model airscrew which was pitched 
for such a low J that the results at high J’s and blade angles are thought to be 
misleading. In the latter source the model airscrews were suitably pitched, but 
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they were tested at régimes impracticably close to the design condition, that is, 
they give results which are most suitable to an airscrew which has variable twist 
(or pitch distribution) as well as variable pitch. But these references taken 
together have been a valuable guide in extrapolating the more complete original 
data. 

Unfortunately, there are but little data available on the effect of yaw on airscrew 
characteristics. 

The body interference correction is very approximate because there are not 
enough data to enable a thorough analysis to be made. According to the simple 
method used, however, there was a large enough range (body/airscrew ratios 
up to 0.75) to permit calculation of most usual cases. More tests should be 
made with the specific purpose of obtaining a systematic variation of the factors 
involved. 

Reynolds number is not included among the correction factors because its 
effect is less important within the range of large scale wind tunnel and flight 
tests than other commonly neglected factors. 

The tip speed allowances as given in this study are in range adequate for all 
cases which are likely to arise. The original tip speed correction data included 
information on Clark and Raf aerotoil sections and on blade thickness at the 
three-quarter station from 0.06 to 0.10 and tip speeds up to 1,300 feet per second. 
The tests were, however, not run over a sufficiently large range of values of J 
and blade angles of attack; therefore, the results were extrapolated with the 
guidance of high speed aerofoil test data and airscrew theory. Furthermore, 
they disagree seriously with model data and therefore should be checked. 

Blade shape characteristics:—The most important lack of data in the entire 
field is the absence of any large scale test information on three-blade metal air- 
screws. By means of simple assumptions, based on model data, the present 
method has been expanded to cover two- and three-blade airscrews with equal 
facility. Here again, the R. and M.’s are very useful. Four-blade airscrews are 
not considered, but the addition of a few simple assumptions similar to those used 
for those having three blades should permit approximate extension of the data 
for this purpose. 

Most of the N.A.C..A. data were obtained on airscrews having Raf 6 aerofoil 
sections, but there was sufficient Clark section information to permit presenting 
almost all of the curves for both sections. Clark sections are the more generally 
used on metal airscrews. Fig. B shows the forms generally used tor the Raf 
and Clark aerofoil sections, to which this data is best adapted. 
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Pitch distribution test data are also notably lacking, as is discussed later. 

Incomplete data are available for a careful analysis of the effect of thickness 
distribution and use is therefore made of the thickness at the three-quarter station. 
The test data included airscrews having values of /) between 0.06 and 0.10 and 
extrapolation was made slightly beyond this. The range given on the curves 
will cover most usual metal airscrews, but wooden airscrews will generally be 
thicker. 

Aspect ratio is not included in the analysis for reasons mentioned under 
‘* Performance Parameters ’’ and discussed under ‘‘ Discussion of Effects of 
Parameters.”’ 

The test data included airscrews having activity factors ranging from about 
60 to 110. This is a sufficient range to cover most metal airscrews in use to-day, 
but as engine powers and critical altitudes are increased the tendency will be to 
use still wider blades. 

Operating Régimes.—The operating régimes of an airscrew may run from a 
negative value of J to an infinite positive value. The consecutive aeroplane 
flight conditions are :—Reversed rotation for negative thrust, static thrust (start 
of take-off), take-off, climb, cruising speed, maximum speed, zero thrust, glide 
régime at part throttle, and airscrew stopped in flight. It will be interesting to 
point out the scope of the data presented in this analysis with reference to each 
of these aeroplane flight conditions. 

The comments given above on the scope of each of the airscrew performance 
parameters in general do not apply to the static thrust data because the latter 
is far more incomplete. The method as presented contains direct allowances for 
tip speed, body interference and blade section, but these are only rough approxi- 
mations. The original data were fairly complete as to the effect of blade angle 
and tip speed, but were noticeably lacking in regard to body interference. The 
test data on aerofoil section and activity factor were scattered. 

The present system has a gap during the take-off between the start (zero 
thrust) and the finish (low values of J). If the complete power available curve 
is calculated, however, this gap may be filled in by careful fairing of the curve. 
In this range test data are very limited and scattered for a very good reason: the 
individual blades stall, thus causing violent changes in power absorption and 
efficiency. The stalling is furthermore affected by blade shape characteristics, 
such as exact contour of the tip, which can be systemised only with difficulty. 
This region of airscrew operation will probably remain unsusceptible to accurate 
calculation for a long time, but much more data should be made available. 

The original data and the reduction of them by this method are sufficiently 
complete to cover practically all cases of normal flying conditions, such as climb 
and cruising at maximum speeds. The limitations with respect to the performance 
parameters as described immediately above apply primarily in these operating 
regimes. 

An approximate method is given for estimating the conditions of operation in 
which an airscrew will have zero thrust. The data are incomplete, but the im- 
portance of the operating régime hardly warrants exact data. 

Airscrew characteristics in the range of idling and stopped airscrews are only 
recently becoming of interest. Such data would apply primarily to multi-engine 
aircraft making long non-stop flights, because in the event of engine failure it is 
desirable to reduce the drag of the unused airscrew as much as possible. There 
are no full-scale data available on airscrews in this operating régime over a 
sufficiently large range of blade angles to cover the cases with unlimited variable 
pitch airscrews. Reference gives some model two and three-blade data on this 


subject. 
The inadequacies of the data on blade shape characteristics are almost too 
numerous to mention. Among them are systematic variations in plan form; 


particularly is data needed on the effects of different tip contours because it is 
known that the root section is aerodynamically far less influential. 
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The eftect of surface roughness has not been taken into account because of the 
lack of data. It is considered to be important, however, because of the prevalent 
practice of painting blades and because of the almost certain decrease of efficiency 
due to the progressive roughening of blades in service. 

Other needed data on blade shape and operating characteristics are brought out 
later under ‘‘ Discussion of the Effects of Performance Parameters.’’ 


RESULTS. 
METHOD OF PRESENTATION AND USE. 

Before presenting the detailed method, it is advisable to outline the routine 
involved in using the report. In general the method requires the assumption of a 
‘* design condition '’ for the given airscrew, the calculation of the characteristics 
for that condition (if required) and the study of other conditions as variations from 
the basic one. The following will show the general procedure involved; for a 
detailed study of the method, see the sample calculations given later and for a 
discussion of each figure with information as to its source, accuracy, etc., 
see ‘‘ Description of Figures.”’ 

The first step involves the assumption of the design conditions of the airscrew 
in its high pitch position, and the calculation of the speed power coefficient, C 
for these conditions, according to the formula given under ‘‘ Nomenclature. 
The design conditions of engine power, aeroplane speed, airscrew speed, and 
altitude should be chosen so as to give the compromise airscrew diameter which 
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best fulfils all operating conditions. These will often be the conditions obtaining 
at maximum or cruising speed in level flight at the rated altitude of the engine, 
although for very high altitude ratings the design conditions may be chosen for 
an intermediate altitude. 

With C, and the airscrew shape characteristics (A.F., blade section, and h/b) 
it is possible to find the J at which the airscrew will have its ‘‘ maximum ”’ effi- 
ciency. This condition is shown on Fig. C, which is a plot of J and efficiency 
versus (', for a series of constant blade angles. The J,, (¢/nD for maximum 
efficiency for the required C,) corresponds to the value which gives an efficiency 
on the envelope of the curves for constant blade angle (y,). In practice J,, may 
be obtained by using Fig. 2, which shows the value for various values of A.F., 
and Fig. 3 to correct for h/b. It should be pointed out here that the *‘ maxi- 


J 
mum *’ efficiency is not necessarily the greatest value that may be obtained for 
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J, =v/nD for maximum efficiency at any h/b. 

any airscrew or any design condition; it is merely the efficiency which occurs on 
the envelope curve at the design C, under certain assumed standard values of the 
performance parameters. Actually, each combination of the performance para- 
meters (except the fitst two) requires a displacement of the entire set of coefficient 
curves. Instead of plotting such curves, correction factors are computed. 
Naturally, the magnitude of the final value of the efficiency depends on the factors 
correcting 1m- 

The actual value of J at which the airscrew operates (as determined by the 
actual air speed, diameter, and airscrew speed) will not necessarily be the same 
as J,,, One must know the relation between J and J,,, and, since these occur at 
the same value of C,, the relation may be expressed as D/D,, (=J /J). To obtain 
the actual value of the efficiency we may first find »,, from Fig. 14. The value 
shown there is for certain standard conditions, as noted on the figure, and correc- 
tions must later be applied if the actual conditions vary from the standard. 
Fig. C. shows a typical relationship between the locations of J and J,,, and it will 
be seen that the value of » corresponding to J is somewhat less than n,. The 
actual reduction in efficiency, F,, for any D/D,, may be found from Fig. 18. 
The efficiency under standard conditions will then be equal to n, x Fy. The effects 
of variations from the conditions noted on Fig. 14 must be found. Corrections 
for A.F., h/b, body interference, and tip speed (F,,, Fy, Fy, and F,) are required. 
All of these, except the last, may readily be found by reading from Figs. 15, 16 
and 17, but the tip speed correction is somewhat more involved, 
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The actual tip speed of the airscrew is not in itself a sufficient measure of the 
loss in efficiency, but it is possible to find an effective tip speed which may be 
used directly. In computing effective tip speed, allowance is made for the effects 
of air temperature, blade thickness and blade angle of attack on the critical tip 
speed, or speed at which losses begin to occur. Figs. 4 to 7 provide data for this 
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calculation. The determination of angle of attack for this part of the problem 
involves a knowledge of the blade angie setting, but the setting cannot be 
accurately determined, however, until the effective tip speed is known. To be 
most accurate we should thus resort to a trial and error procedure, calculating 
the blade angle and tip speed at the same time; but, in general, sufficient accuracy 
may be obtained by using a rough guess at the angle of attack. The procedure 
for making such a guess will be evident after discussion of the routine for 
calculating blade angle settings. 

When the effective tip speed is known, Fig. 19 will supply the required correc- 
tion to efficiency. With this and the corrections previously discussed we have 
everything necessary to determine the actual efficiency for the design condition. 

X Fx x Fax Fy x 

It is often desired to find the blade angle setting required to provide the correct 
power absorption under the design conditions. The procedure for this problem 
is similar to that used for efficiency. From Fig. 8 the blade angle corresponding 
to J,, may be read (6,,). Corrections are then applied to find the changes neces- 
sary to allow for variations from the standard conditions and for the value of 
D/D,,. The D/D,, correction (Aé,) from Figs. 9 or 10, according to the blade 
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section employed, and the corrections for blade thickness, body interference, and 
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FIG. 19. 
Loss in propulsive efficiency due to excessive tip speed. 
1=Nm X x Fy, Xx x x 
efficiency with tip speed loss 


efficiency without tip speed loss 


Solution for the airscrew performance in conditions of flight other than the 
design condition involves the determination of the relations among rotational 
speed, engine power, aeroplane speed, air density, and blade angle. Figs. 20 
and 21 present the method employed in this report for analysis of these relations. 
By making all conditions relative to those used for the airscrew design condition, 
or high pitch case, it is possible to draw a set of curves such as that of Fig. 21. 
It has been found, however, that the shape of these curves is influenced by changes 
in the various airscrew operating and shape characteristics, so Fig. 20 is included 
to allow correction for changes from the conditions listed on Fig. 21. These data 
may be used, for instance, to find the change in rotational speed with aeroplane 
speed in a climb when the pitch setting is unchanged, or to find the change in 
pitch setting required to allow the airscrew to turn at a certain rate at a given 
aeroplane speed. 

To find the efficiency of an airscrew in climb, we first determine the air speed, 
rotational speed, and pitch setting in climb as described above. It does not matter 
whether the blade angle is the same as that for the design condition; the method 
will be the same in any case. Knowing the pitch setting we may enter Fig. 8 
from the ordinate and determine the J for maximum efficiency for the given blade 
angle (Js). Since Fig. 8 is plotted for certain standard conditions we must, 
however, use a value of @ which complies with these conditions. To do this, 
return to the calculations of the blade angle for the design conditions and discard 
the corrections for thickness, body interference, and tip speed. The value of 4 
for use here then becomes @ actual — A6, — Ad, — AG. 
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Since the conditions at which the airscrew is to operate in climb are known, 
one can compute its actual J, and the ratio J/Js._ Fig. D shows a typical relation- 
ship between J and J», where J, corresponds to the value of @ mentioned above. 
J and Js occur on the same constant blade angle curve. With the value of Js, 
Fig. 14 may be used to find ny», since this efficiency, like yn», lies on the envelope 
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Corrections to the ordinates of Fig. 21 for variations 
from conditions noted on that figure. 
f= x fe * fs x x 
actual value of N/N,, / (p b.m.e.p.,,/p, b.m.e.p.) 


Fig. 21 value of N/N,, (p b.m.e.p.,/py b.m.e.p.) 


curve. The relation between » and nn» at constant blade angle is shown, for 
various values of J/Jg and Js, on Figs. 22 and 23. If we now obtain the correc- 
tions due to A.F., h/b, tip speed, etc., in the same manner as for the design 
condition case, we have everything necessary to find the actual efficiency in the 
climb condition. 

Nmo X (n/nme) x F, x Fyx F;. 
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Note.—These curves apply for the following conditions of the ‘‘ H ”’ setting: 
A.F.=7o. 
h/b=0.075. 
Section = Clark. 
1.60. 
D/D,,= 1.00. 


For other conditions correct ordinates according to Fig. 20. 
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Conditions of operation for airscrews in climb. 


The next most important calculation is that of the static thrust, or thrust at 
zero air speed. As in the climb case, it is first necessary to determine from 
Figs. 20 and 21 the rotational speed to be expected when the air speed is zero. 
From Fig. 24 find a value of the static thrust efficiency, using in this case the 
true rotational tip speed as one parameter. After correction for body interference, 
the static thrust efficiency may be used to compute the thrust, according to the 
equation shown on Fig. 24. If the blade has a Raf section, correction to the 
efficiency should also be made by Fig. 25. 

There are other problems of minor importance to most performance estimates 
which may also be solved by data in this report. These will be covered later 
under the discussion of the pertinent figures. 

The processes just described represent those necessary for a thorough analysis 
of airscrew performance. This report is so arranged, however, that various of 
the steps may be omitted when great accuracy is not required. In fact the 
accuracy which is obtained will be more or less proportional to the amount of work 
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applied to the calculation. It is impossible to generalise upon the order of impor- 
tance of the various corrections, since this depends upon the case at hand; but it is 
obvious that, as far as efliciency is concerned, the tip speed computations may 


be omitted entirely when the tip speed is known to be low. The thickness and 
activity factor effects are also often unimportant. Ability in judging just which 


elements of the method may safely be omitted will increase with experience in 
applying the data. 


DESCRIPTION OF FIGURES. 

The following notes describe each of the figures. They give the use of the data 
and its sources, limitations, and accuracy. The part which each has in the com- 
plete method and reasons for making the analysis in this manner will frequently 
be clarified by reference to them. 
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CONSTANT BLADE ANGLE 
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Fic. 22. 
Variation in propulsive efficiency with change in v/nD at constant blade angle. 
J=actual v/nD. 
Jg=v/nD for maximum efficiency with given blade angle. 
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Fic. 1.—Chart for Computation of the Speed Power Coefficient.—This chart 
merely makes more convenient the calculation of the speed power coefficient C, 
from the design conditions of h.p., N, V, and altitude. 

Fic. 2.—Speed Power Coefficient vs v/nD for Maximum Efficiency.—These 
curves show the value of v/nD at which maximum efficiency occurs (J’,) for a 
given value C,, that is, they correspond to the envelope efficiency curve of Fig. 14. 
This figure was composed from all of the available N.A.C.A. full-scale wind tunnel 
tests on that subject. It is based largely on the data in References 7 and g. The 
second of these was used primarily to obtain corrections to the first set of data 
so that the final curves apply to the standard conditions of thickness and aerofoil 
section. The original data were limited in range and extended extrapolations had 
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Variation in propulsive efficiency with change in v/nD at constant blade angle 


J =actual v/nD. 
Jg=v/nD for maximum efficiency with given blade angle. 
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to be made. This was facilitated by the coincidence that the available data con- 
formed to the following equation: 
J! 
where the constant has the following values 
AF 60 80 100 110 


lhe extrapolated full-scale curves were then checked against the model data of 
References 20 and 32, and the general agreement was found to be good. The 
position of these curves on the chart is affected by minor variables. Corrections 
for the effects of certain of them are included, but the data were so scattered that 
it was impossible to obtain correction factors for two other variables, tip speed 
and body interference. From an analysis of the data in Reference 8 it appears 
that the effect of tip speed is probably small (under two per cent. within the tip 


FIG. 24. 
Blade angles for static conditions, Clark section. 

h/b=0.075. 

Tip speed < 600 f.p.s. 
Body/propeller ratio 0.417. 

C,=b.h.p. (p,/0)/2 (N/100)® (D/10)°. 
K = 2.0 for two blades. 
1.4 for three blades. 

63=6 3 f+6, static+0,+ 4. 
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speed range usually encountered). As far as body interference is concerned, some 
N.A.C.A. data have indicated that there probably should be a larger correction, 
but the data are not suthciently complete to enable such a correction to be plotted. 

Fig. 3.—Effect of Thickness Ratio on v/nD for Maximum Efficiency.—These 
data apply as a correction to Fig. 2 to derive the v/nD for maximum efficiency 
for any blade thickness. Reference 9, which includes both Clark and Raf air- 
screws, supplied the necessary data, and the corrections given should be used 
for both blade sections. 

The effect of h/b was also investigated by calculations based on aerofoil data, 
such as appear in References 2 and 22. When airscrew characteristics are com- 
puted by a simple modification of the blade element theory, it is found that the 
indicated importance of thickness is much greater than that shown by the full- 


scale airscrew tests. It is, however, unlikely that the full-scale tests are very 
much in error. This is indicated by the fact that such a change in the thickness 
3 7 
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FIG. 25. 
Blade angles for static conditions, Raf section. 
h/b=0.075. 

Tip speed < 600 f.p.s. 
Body/propeller ratio 0.407. 
C,=b.h.p. (po/p)/2 (N/100)* (D/10)°. 

K = 2.0 ior two blades. 

1.4 for three blades. 
63=6 2 f+, static+ 6,+ 4. 
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correction factor would introduce serious inconsistencies in the data of Fig. 2, 
since the reduction of these data required the application of thickness correction 
factors. 

kia. 4.—Cualculution of Airscrew Helical Tip Speed.—This chart is included 
merely to facilitate the computation. If the actual value of 6, is desired, it may 
be found from Fig. 8 by using a value of v/nD equal to 0.75. 

Fic. 5.—Relation between Critical Airscrew Tip Speed at altitude and at Sea 
Level.—This is the first of several correction factors applied to the actual tip 
speed in order to obtain an effective tip speed which influences propulsive efficiency 
and blade angle. 

This curve was derived entirely from the theoretical consideration that tip speed 
loss is a function of the relation between the airscrew tip speed and the speed of 
sound in the air in which the airscrew works. The correction factor, f,, is merely 


the inverse ratio of the speed of sound at altitude to the speed of sound at sea 


level. The speed of sound in air is here assumed to be a function only of the 
temperature of the air, as is usual. 
Fic. 6.—Change in Effective Airscrew Tip Speed with Blade Thickness.—This 


also is merely a correction factor applied to change the actual tip speed to an 
effective tip speed of which propulsive efficiency is a function. 

The curve was derived from the full-scale airscrew data given in Reference 8. 
These data, although scattered, were considerably better than the data in 
Reference 2 in that they did show the consistent tendency noted. Since this 
correction factor is really a function of the thickness near the tip, one would 
expect a correction based on the three-quarter station to be only approximate. 
The trend shown is entirely reasonable and is in accord with general past 
experience. 

Fic. 7.—Change in Effective Airscrew Tip Speed with Blade Angle of Attack.— 
This is the last of the correction factors applied to change from the actual helical 
tip speed to the effective helical tip speed. Since the actual angle of attack is not 
determined at this stage of the computation, it is advisable to guess it from the 
general conditions of the problem ; maximum speed conditions usually give values 
between zero and two degrees. The assumption should be checked later according 
to Fig. 8 and subsequent curves, 

The curve was derived directly from the full-scale airscrew tests of Reference 8. 
A check with the aerofoil data of Reference 2 showed greater scattering, but the 
same general tendencies. The test data showed that angle of attack has an effect 
on the critical tip speed at which losses begin to occur and indicated that this 
effect holds over the whole range of tip speeds. The data were insufficient to 
establish the trend of the curve beyond about 8°, and the curve had to be extra- 
polated to the higher values encountered during take-off. Some indication of the 
general tendency was obtained from the static data given in Fig. 24 of this paper. 

The omission of an angle of attack correction to the slope of the curves of 
Fig. 19 is further justified by the fact that one would expect this effect to be 
similar to that of thickness, which was shown by the data to have a negligible 
influence upon the slope of the curves. The accuracy of this curve is limited by 
the use of the three-quarter station in much the same manner as is discussed 
immediately above for thickness. 

IG. 8.—Airscrew Blade Angle for Maximum Ffficiency and Angle of 
at Three-quarters Radius.—These curves correspond for blade angle to the 
diameter curves of Fig. 2; that is, thev give the blade angles of all airscrews which 
lie on the envelope efficiency curve. Like Fig. 2, corrections are applied in sub- 
sequent charts to allow for the effects of minor variables. The angle of advance, 
@, is included for convenience in subtracting from the blade angle setting when 
angle of attack is desired. In that case, and in that case only, J is used. 

These curves might have been taken directly from the wind tunnel data except 
that it was desired to provide as close a check as possible of the actual flight test 
values. These curves were, therefore, based initially on flight test data. The 
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comparison between these curves. and the corresponding curves obtained from 
wind tunnel tests, therefore, provides an overall check on the accuracy of the 
whole method. The wind tunnel data yielded blade angles about 0.6 degrees lower 
than those indicated by the faired flight test curves at low values of J, This 
agreement is considered to be very good. 

As thorough flight test data were only available up to values of J,, of about 1.2 
it was necessary to extend the curve beyond the bulk of the available flight test 
data. In view of the good agreement between flight and wind tunnel tests at the 
lower end of the range, it was considered satisfactory to base the extension of the 
curve on the wind tunnel data of References 20 and 32. This is confirmed by a 
few flight test points. 

The method used to compare the flight tests and the wind tunnel results was a 
straightforward application of the system here presented. For each flight test 
point the computations for best airscrew diameter were carried through. The 
effect upon blade angle setting of the deviation of the actual diameter from that 
computed for maximum efficiency was then obtained from Figs. 9 or 10. The 
other corrections to blade angle for the effect of minor variables were made 
according to Figs. 11, 12 and 13 in the manner later discussed. Incidentally, 
since the effect of thickness upon blade angle setting was not well determined by 
the wind tunnel test, the fairing of Fig. 11 was influenced by how well that cor- 
rection co-ordinated the flight test points. The validity of the blade angle method 
is, therefore, dependent upon the range of each of the variables composing the 
flight test data. 

The corrected flight test points are shown on Fig. 8a. Since most of the test 
points were for airscrews having a Clark aerofoil section, the blade angle data 
for this type are better authenticated than for airscrews having Raf. sections. 
Fig. 8a shows an average scattering of about one-half degree from the faired 
curve with the maximum deviation a bit over one and one-half degrees. This 
scattering may seem large, but it is thought to be at least as good as one can 
expect from the limited data at present available, since a large part of the scatter- 
ing may be attributed to flight test errors. The actual flight test points are 
recorded on Fig. 8a. Incidentally, it has been found that one mechanic, reading 
a blade angle setting immediately after another mechanic, may record an angle 
differing by three-quarters of a degree from that of the first. Part of the error 
is caused by the neglect of blade deflection. This was done partly because it was 
thought that the worst errors were derived from other sources, and partly because 
there were insufficient test data and theoretical background to obtain reasonable 
correction factors. Probably a more important source of error is the use of the 
three-quarters station as a reference, because this neglects the effects of thickness 
and pitch distribution. 

Fics. 9 AND 10.—Fffect of D/D,, on Blade Angle Setting.—In the same manner 
by which corrections for minor variables were applied to J’,,, corrections are now 
applied to the blade angle setting at the three-quarter station, 0 
these corrections, shown on Fig. 9 for Clark blade sections and on Fig. 10 for 
Raf sections, is slightly different, in that it accounts for the fact that the actual 
airscrew diameter is not that corresponding to J,,. This is usually the case, and 
it is furtherm re ordinarily desirable to use an airscrew which is larger than the 
D,, airscrew corresponding to J,,.. The application of the data in Figs. 9 and to 
is straightforward. 


These figures were obtained from analyses of all pertinent N.A.C.A. full-scale 


airscrew tests. The form of the curves was obtained from Reference 6 and 
checked against the data from which the difference between the Clark and Raf 
sections was found, Reference 9. Reference 7 was also used as a supplementary 
check. Some slight effects of plan form and thickness were noticeable, but they 
appeared to be within the limits of accuracy of the tests and have consequently 
been neglected here. The curves are probably quite accurate in the lower range. 


In the upper range, for values of D/D,, less than around .85, the curves mav be 
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in error by as much as one degree or more for extreme values of the minor 
variables. For instance, the curves are probably quite inaccurate in this range 
for airscrews as thick as current wooden types. 

The variation of the D/D,, correction with J,, was not well defined, particularly 
at high values of J,,, but the consistency of the flight test results, used in preparing 
Fig. 8, which were obtained by working back with the corrections of Figs. g and 
10, suggests that the placing of the curves is very nearly correct. 

kia. 11.—Effect of Thickness Ratio on Blade Angle.—The application of these 
data is straightforward. The derivation of the curve and its accuracy are dis- 
cussed below under Fig. 13. Fig. 11 applies directly only under conditions 
approximating to maximum or cruising speed. At the higher angles of attack, 
associated with take-off and climb, the effect is considerably modified. This is 
discussed more fully under Fig. 26. 

Fic. 12.—Effect of Body Size on Blade Angle.—The use of this curve is also 
direct. 

These data are both fundamentally and empirically very approximate, as is 
discussed below under Fig. 17. The best available data were in Reference 4. 
The effect given by the curve is less than that shown by the test data and the 
reduction was made in a manner corresponding in magnitude to that used for the 
effect of body size upon efficiency. The test data were here altered, partly because 
they were so meagre, partly because they involved factors other than the major 
parameter, and primarily because they would introduce serious inconsistencies 
in the homologation of other parts of this method. Neither the curve nor the 
original data check the few points in Reference 16, nor can they be expected to 
do so 

Fig. 13.—Change in Blade Angle Due to Effective Tip Speed.—The equations 
given on the page on which this chart is drawn define the use of the tip speed 
correction factor to blade angle. It will be noted that Fig. 13 requires a simul- 
taneous solution with Fig. 7; that is, one must first estimate the blade angle, 
compute an approximate effective tip speed, and then find the true blade angle. 
Sufficient accuracy can usually be obtained by one approximation. 

rhe shape of the curve of Fig. 13 was found empirically from an analysis of the 
full-scale airscrew tests reported in Reference 8, on the assumption previously 
discussed under Fig. 2 that tip speed does not affect the curves of J,, against (, 
corresponding to the envelope efficiency curve. Although these data were 
scattered, no check was made by computations from the blade element theory 
because of the labour involved and the probable inaccuracy of the results. 

The final position of the curve was decided on simultaneously with that for 
Nig. 11. Reference g suggested that there should be no further correction to 
blade angle after using the correction to J’, of Fig. 3. A blade element analysis 
showed that some correction should be used, but gave indefinite results. There- 
fore the final fairing of Fig. 11 was entirely empirical. Figs. 9, 10 and 12 were 
assumed fixed. Several positions of Fig. 13 were taken, and for each of them 
analyses of the flight test data were made to find that shape of Fig. 11 which 
reduced the scattering of the data to a minimum. It so happened that the 
original fairing of Fig. 13 according to the wind tunnel data gave the best results 
and that fairing was therefore retained. Fig. 11 is, for this reason, very 
approximate, and the curve was frankly drawn in a manner which seemed reason- 
able and which co-ordinated the flight test results most completely. 

Fia. 14.—Propulsive Efficiency of Airscrews Chosen for Maximum Efficiency .— 
Figs. 14 to 19 inclusive carry through an analysis for efficiency paralleling that 
just made for blade angle and before that for power absorption (diameter). The 
curves represent the envelope efficiencies which go with the J,, vs C, curves of 
Fig. 2. Their use is, therefore, straightforward. 

It should be emphasised that the efficiencies obtained by the present method are 
in all cases ‘‘ propulsive efficiency,’’ that is, the free air efficiency of the airscrew, 
less a correction allowing for the increase in drag of parts behind the airscrew 
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caused by the slipstream, and for the change in the thrust of the airscrew caused 
by the obstruction of the body behind it. It is therefore not necessary to make 
any further correction for slipstream in the aircraft thrust calculations. 

These curves are averages of full-scale and model wind tunnel data on metal 
airscrews. The method used was to apply to the original data the corrections 
shown in Figs. 15, 16 and 17, and then to plot the results as one curve. The 
bulk of the data came from Reference 6 for low values of J, and Reterence 32 
for high values of J,,.. The results of Reference 20 were also analysed, but were 
not included in the final fairing because the rapid decrease in efficiency which 
they showed did not agree either with other model data or with blade element 
theory. This discrepancy appears to be due largely to pitch distribution ; it will 
be discussed more fully later. 

Of the six different fuselages tested, all but one, that for the liquid-cooled engine 
in the well-faired fuselage (see Fig. 29, Case 1), were included. The omission 
was made because the results in this case appear to be unreasonable. The other 
curves all fell within 2 per cent. of the mean curve over their full ranges. On the 
average, the agreement is within } per cent. The relation between the curves 
for the two blade sections was obtained from Reference 9. The curves for three- 
blade airscrews had to be drawn arbitrarily due to the total absence of full-scale 
data on metal airscrews, but the relation shown appears reasonable in the light of 
model data given in Reference 25. The only other data on three-blade airscrews 
are the small scale results of Reference 41. A discussion of the factors affecting 
the relative efficiency of multi-blade airscrews is given in Reference 43. The 
three-blade airscrew curves shown on Fig. 14 are such that a wide two-blade 
airscrew having the same design conditions, diameter, and D/D,, as a narrow 
three-blade airscrew will have very nearly the same efficiency after all corrections 
have been applied. 

Fic. 15.—Effect of Activity Factor Upon Propulsive Efficiency.—This gives 
the first of a series of factors by which the maximum efficiency is multiplied to 
give the actual operating efficiency. 

These curves were drawn from full-scale wind tunnel data in Reference 7 after 
all of the other corrections had been applied. Unfortunately there is in that report 
a simultaneous change in body airscrew interference, so the accuracy of Fig. 15 
depends upon that of the correction for body interference. Reduced on this basis, 
the data appeared to be well co-ordinated. 

Fic. 16.—Effect of Blade Thickness on Propulsive Efficiency.—These curves 
were obtained empirically from Reference 9. Since the data in that report were 
very scattered, calculations were made according to the blade element theory, but 
because the latter showed much greater effects than were substantiated by the 
wind tunnel tests, they were used merely as a guide in fairing the test data. 

Fic. 17.—Effect of Body Size on Propulsive Efficiency.—The use of this curve 
greatly simplifies the correction to efficiency for the interference between the air- 
screw and the body. For installations with radial engines, it is probably most 
satisfactory to use the diameter of the engine or cowling instead of the maximum 
body diameter. In the frequent cases where the fuselage cross-sectional size 
differs markedly from the engine size, or where the nacelle is mounted on a wing, 
the value of the abscissa to be used must be judged from general experience. 

Simplicity is the main merit of the method by which Fig. 17 allows for body 
interference. Actually, the effect is much more complicated than can be properly 
analysed by any simple set of curves. Many investigators have attempted to 
produce an accurate solution by taking into account the effect of the body on the 
thrust and torque of the airscrew and the effect of the slipstream on the drag of 
the body. After studying these works in the light of all available data, it appeared 
that rigid analyses were little better than the simple curve shown in Fig. 17. 

This curve is an average fairing of the data contained in References 4, 5 and 
28. Reference 5 shows a greater effect than the curve, but Reference 28 shows 
less. Reference 4 shows that, when the airscrew is moved forward relative to an 
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uncowled engine, the efficiency should increase somewhat. This effect is hardly 
worth taking into account, however, because it is current practice to bring the 
ring cowl as close to the airscrew as possible in order to obtain best overall 
cooling and drag efficiency. When special obstructions are placed in the slip- 
stream, their effects should be taken into account separately, probably by 
estimating the corresponding increase in the body size which would provide equal 
obstruction. Although the data are very conflicting, it appears that the change 
in propulsive efficiency with body size will be higher with clean bodies in the 
slipstream than with aerodynamically rough bodies. A general idea of how to 
guess this effect may be obtained from the data in Fig. 29 and from those in 
References 23 and 24. 

Wing angle of attack causes another secondary effect which may be large. 
The full-scale wind tunnel tests in Reference 10 show that when an airscrew is 
mounted in the nose of a fuselage in a normal tractor installation, efficiency is 
only slightly affected by the attitude of the thrust line relative to the wind axis. 
This effect is believed to be correct. Some of the more recent model tests of a 
nacelle mounted on a wing (References 11, 12, 15, 18 and 19) indicate, however, 
that for these conditions wing angle of attack may cause a very high reduction 
in propulsive efficiency. The data are such, however, that it is not advisable to 
set up at present a correction factor for this effect. More complete data and more 
thorough analyses may later, however, yield such a correction factor. 

Fig. 18.—Effect of D/D,, on Propulsive Efficiency.—This correction makes 
allowance for the fact that the actual airscrew diameter is such as to make the 
operating conditions lie off the envelope efficiency curve. The correction is thus 
analogous to that of Figs. g and 10 for blade angle setting. 

The curves shown on Fig. 18 are averages of the data in References 6, 7 and 9. 
The data indicated some effect of both activity factor and thickness upon the 
shape of these curves, but did not show a sufficiently consistent trend to warrant 
additional correction factors. 

As in the corresponding blade angle correction, the variation with D/D 
well defined, but is a fairing of the test results which appear logical. 

Fic. 19.—Loss in Propulsive Efficiency Due to Excessive Tip Speed.—This 
figure contains the last of the factors by which maximum efficiency must be 
multiplied to obtain actual operating efficiency. 

After a study of British model data and full-scale data reported in Reference 20, 
it was decided to use the curves of Fig. 19 directly as given in Reference 43 
These data were obtained by calculation from the full-scale tests reported in 
Reference 8. Justification for using this curve directly can be understood only 
by referring to the discussion under Figs. 5, 6 and 7. The curves for Fig. 19 
were originally derived for the condition of peak rather than maximum efficiency. 
rhe original data show, however, that the percentage effect of tip speed is very 
nearly constant over the full range of v/nD’s from peak, through maximum 
operating efficiency and on down. Furthermore, the original data show that, 
when the airscrew with which the tests were made was operating at peak efficiency, 
it was at substantially zero degrees angle of attack. Therefore, this use of 
Fig. 19 in conjunction with Fig. 7 is consistent with the original data. The effect 
of J as shown on Fig. 19, was obtained in Reference 43 by calculating from the 
test data the effect of tip speed on the L/D of the airscrews’ aerofoils, and then 
calculating the efficiency at values of J beyond those included in the tests for 
the above values of L/D. The present use of the data is consistent with the 
theory on which these calculations were based. 

Fic. 20.—Corrections to the Ordinates of Fig. 21 for Variations from the 
Conditions Noted on that Figure.—The meaning and use of the ordinates of 
ig. 21 are explained in the discussion under that figure. The ordinates 

(V/Vid¥ (PB PB mep) and N/Nuv (pBmepu/ Pu? mp) 
contain only certain of the primary variables which relate to the operating condi- 
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tions. Several of the minor variables of airscrew shape and operating condition 
are important and therefore the correction factors shown on Fig. 20 must be 
used. By the ‘‘ actual value ’’ of the ordinate is meant the one which actually 
holds in flight for the aeroplane, engine and airscrew operating conditions. The 
‘** Fig. 21 value ’’ of the ordinate means the value which would hold if all of the 
airscrew conditions corresponded to the limitations under which Fig. 21 is 
plotted. These are listed on Fig. 21 and deviations from them cause a deviation 
of the ** actual value *’ from the *‘ Fig. 21 value.’’ The ratio of the two is called 
“f°? on Fig. 20 and it is further defined as the product of the effects of activity 
factor, blade section, thickness, J,, and D/D,,.. The values of the corrections to 
be used in any particular case may be easily read from Fig. 20. 

The first three corrections were obtained from analyses of wind tunnel data. 
The activity factor correction was obtained from Reference 7, while the blade 
section and thickness corrections were obtained from Reference 9. The last two 
corrections were obtained by back figuring from the earlier figures of this paper. 
The scattering found in the analysis was considerable, especially for values of the 
abscissa lower than 0.4. Probably the most inaccurate is the thickness correction. 

A\irscrew data in the range of values of the abscissa from o to 0.4 are always 
bound to be scattered because of the tendency to discontinuities which are caused 
by non-uniform stalling of the blades. Another cause of dispersion is the neglect 
of tertiary effects. Some of these, such as the effect of thickness upon the D/D,, 
correction, were observed in the analysis but were omitted because of their un- 
certainty, comparatively small magnitude, and the complexity which their use 
would introduce. 

Although the form to which this part of the present method of making airscrew 
computations is reduced is suited to the addition of other variables which are 


known to effect the shape of the curves of Fig. 21, several of those variables which 
are known to have an appreciable effect have been omitted. This was done 
because of lack of data. Among them is the influence of body shape or thrust 


line attitude. The effect of body shape and size is probably not large, but the 
effect of a change in attitude, such as variation of wing angle of attack for an 
airscrew mounted in a nacelle on a wing, is known to be fairly large in some 


cases. The actual engine speed will be somewhat lower than the computed engine 
speed for high angles of attack. The variation in tip speed will also cause a 
variation in the shape of the curves, because as the tip speed is reduced the 
capacity of the airscrew to absorb power is also reduced. This effect is allowed 


for by a second use of Fig. 13. 

So little is known about blade deflection that it has been entirely omitted from 
this method of airscrew calculation. Some data are given in Reference 8 and 
analysis of similar data is made in Reference 43. The effect for that airscrew was 
found to be roughly 0.5 degrees change in blade angle for each 100 h.p. change 
above 200 h.p. This method of taking blade deflection into account is not at all 
satisfactory, because it neglects too many important variables. 

It is admitted that the correction factors given in Fig. 20 are less accurate than 
is desirable. Justification for using such approximate data lies in the fact that 
current methods of analysis are, for general performance estimating, still more 
inaccurate ; usually they either are based on much less representative assumptions 
or else they carry through so-called exact calculations on data that do not suit 
the case to which they are applied. 

Fic. 21.—Estimation of Engine Speeds or Change of Airscrew Pitch Settings.— 
This chart may be used in several different ways. It shows the combinations of 
variables composing various operating conditions which are required in order 
that the given airscrew may fulfil those operating conditions. It presupposes 
that the operating conditions, including blade angle, are known for the high pitch 
design condition of the airscrew. The ordinates contain the major variables. The 
effect of a change in blade angle is shown in the family of curves. It is assumed 
that airscrew diameter and all other airscrew shape characteristics are constant 
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The curves are furthermore drawn for one type of airscrew whose characteristics 
are shown in the table on Fig. 21; the effect of a deviation from these should be 
taken into account as discussed under Fig. 20. 

If the operation of a fixed pitch airscrew is changed from the maximum speed 
to the climb condition, changes in the values of the ordinates will occur. For 
instance, if the air speeds and air densities are known and the engine b.m.e.p.’s 
can be estimated, it is readily possible to compute the airscrew speed in climb by 
using the curve for A#=o, If, on the other hand, the air speed and engine 
speed and power in climb are known, both values of the ordinates may be com- 
puted and the point spotted on the curves. If these conditions are not fulfilled 
by the fixed pitch airscrew, the point will fall off the curve for A8=o and the 
curve on which it does fall shows directly the amount by which the airscrew pitch 
must be changed, in order to fulfil the operating conditions. This use of the 
curve for calculating pitch settings is the most common and is the one for which 
this method of presentation of data was originally devised. 

Other uses for the figure, combining those of the above two paragraphs, are 
too numerous to discuss in detail. Essentially, having given one set of operating 
conditions, they permit calculation of any of the other power absorption conditions 
in some other operating régime. 

A curve similar to Fig. 21, but for the high pitch setting only (A@=o), was 
first shown in Reference go. Proof and discussion of its theoretical validity are 
given there. ‘These are just as correct for other blade angles as for the high pitch 
setting. 
the usual corrections were made to reduce the data to the standard altitude. The 
corrections of Fig. 2c were then applied in order to bring the data to the condi- 
tions shown in the table on Fig. 21. The bulk of the data was distributed along 
three lines: for values of the abscissa at o and at 1.00 and also over the full length 
of the zero curve. The curves are already extrapolated beyond the data in such 
a way as to make the form of the variations correspond to full-scale wind tunnel 
data. 

No test data of any kind were available to check the extrapolation to very 
large negative values of A6. Reference 20 was considered unreliable because the 
airscrew used was pitched for such a low value of J, and any attempt to use it 
for large values of A@ involved starting with a condition over the peak of the 
efficiency curve. Reference 32 was not suitable, because in this report change in 
blade angle was accompanied by change in pitch distribution. 

It is frankly admitted that the points were scattered and that the set of curves 
given is idealised. Part of the scattering is due to the variables discussed under 
Fig. 20. Much of the dispersion came from the fact that, when the angle of 
attack of the blade is large, actual discontinuities occur in the power absorption 
characteristics of airscrews. The curves of Fig. 21 are stopped short at the 
region where these discontinuities usually begin. 

Since the slope and shape of the curve tor A@=o were derived initially from 
fight tests in the climbing condition, the curves would be expected to include an 
allowance for average tip speed and deilection effects. Actually, later data have 
indicated that more accurate results are obtained by assuming that the curves 
are for constant tip speed, and correcting according to Fig. 13. 

When analysis of the flight test data had been completed, a final check was 
made by computing as much as possible of the curves directly from the preceding 
parts of this method. It was found that these computations tended to give curves 
slightly higher (1 or 2 per cent. at a value of the abscissa equal to 0.4) than the 
light test data. This discrepancy is not serious since it would scarcely show up 
on curves of J against (,. 

Figs. 22 ann 23.—Varialion in Propulsive Efficiency with Change in v/nD at 
Constant Blade Angle.—When the pitch of an airscrew is constant and the v/nD 
at which it is operated is altered, the change in efficiency is a function of the 


hig. 21 was derived primarily from flight test data. In the original reports 
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primary variable vjnD. For these curves Jg is the value of v,/nD for the given 
blade angle corresponding for that blade angle to the efficiency which lies on the 
envelope curve. 

The most direct use of these curves therefore occurs when a fixed pitch airscrew 
is operated in climb and when the high pitch operating condition yields maximum 
efficiency. In that case the abscissa can readily be computed from the design 
condition and from the irformation in Fig. 21. The ordinate then shows directly 
the ratio of efficiency in climb to the maximum efficiency of the design condition. 

These curves were drawn entirely from wind tunnel data. In the region with 
values of J/Jg near 1.00, the data were taken from the curves previously given. 
lor low values the curves were extrapolated to have a shape similar to that found 
in the majority of the wind tunnel tests. The wind tunnel data were very 
scattered, partly due to neglected secondary effects, but probably primarily due 
to the fact that discontinuities occur in this region of angles of attack. 

Figs. 24 axnp 25.—Blade Angles for Static Conditions.—These figures provide 
a method of calculating static blade angles independently of any previous level 
fight calculations. C, in the abscissa is multiplied by a constant K so as to 
include both two-way and three-way airscrews on the same curve. 

The angles given by these curves should be corrected for non-standard condi- 
tions by the use of Figs. 26, 12 and 13. 

Figs. 24 and 25 were derived initially by calculation from the earlier parts of 
this method, using Fig. 21 extended to a value of zero for the abscissa. A 
subsequent check against spin and bench test data suggested clearly slight changes 
in the shape of the curves and these were made. This test data were almost all 
on Clark sectioned airscrews, and the curves for Clark section are therefore much 
better established than those for Raf section. 

The validity of the thickness correction is discussed under Fig. 26. The use 
of the high pitch corrections for body size and tip speed was initially an arbitrary 
assumption ; since these corrections, however, co-ordinated with the spin and bench 
tests, their use for Clark sections appears to be justified. The available test data 
on Raf sections suggested an increased effect from tip speed, but the data were 
not sufficiently complete or consistent to enable a new correction to be obtained. 

Fic. 26.—Effect of Thickness Ratio on Static Blade Angle.—The application 
of this curve is straightforward. It was derived by calculation from earlier parts 
of the method in a similar manner to Figs. 24 and 25, and checked, together with 
the body and tip speed corrections, by the way in which it co-ordinated the spin 
and bench test data. 

The shape of this curve, especially at high values of C, is the reverse of that 
given in Fig. 11 for level flight. This is to be expected from consideration of 
the characteristics of aerofoils of varving thickness. At low angles of attack 
corresponding to maximum speed, the thick section has a higher lift and drag, 
and a correspondingly higher capacity for absorbing power. At the high angles 
of attack corresponding to static conditions, the section is stalled, and the thicker 
section has less drag and accordingly absorbs less power than the thin section. 
These same considerations account for the variation of the correction with C,. 


Fic. 27.—Airscrew Efficiency for Static Thrust.—The use of these data is com- 
pletely described on the figure. These data, some of which were published in 
Reference 39, were derived from whirl tests. The tests were run primarily on 


airscrews with Raf aerofoil sections, but included enough Clark data to permit 
conversion to the more usual aerofoil section. 

The data were not sufficiently complete for a detailed analysis of the effects of 
several important variables. These included body interference, activity factor, 
and thickness. Since the original test data defined the thrust as the tension in 
the airscrew shaft, it was necessary to apply a purely arbitrary correction factor 
to bring the data within the region of normal body interference effects. The 
suggestion given on the curve of allowing for the effect of a difference in 
body/airscrew diameter ratio from the standard by means of Fig. 17 is likewise 
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purely arbitrary. No effect of plan form could be deduced from the data, but 
the nature of the static thrust efficiency is such as to tend to minimise this effect. 
Activity factor is not a primary variable in this method of reducing static thrust 
as it is in the static thrust coethcient C,, but it would nevertheless be expected to 
have an effect. Thickness also probably has an effect, but the data were in- 
adequate for deriving a correction factor. ‘The test points were, however, sulfl- 
ciently complete to show the effect of one minor variable which has been neglected 
in all other (known) analyses of static thrust. They clearly showed that an 
increase in tip speed results in a decrease in static thrust, everything else being 
equal. Incidentally, when these same data are reduced by the method using Ky, 
(see Reference 13) the etfect of tip speed is still marked. 

It is admitted that the data as reduced by this method were very scattered and 
one would expect the static thrust computed from them to be approximate. 
Nevertheless, it is believed that the method is basically sound and that it takes into 
account important variables which have been omitted from other methods. 

This method, which is based upon the momentum theory, was taken from 
Reference 39. The use of the method according to the equation given on Fig. 27 
is merely a rearrangement of the principles given in that reference. Static thrust 
efficiency is the inverse ratio of the actual power to the power theoretically 
required to produce an axial slipstream momentum which would give the same 
static thrust. The actual power required is always much larger than the 
theoretical power required because of the rotation, obstruction, and non-uniform 
distribution of the slipstream. 

In reducing N.A.C.A. static thrust data, References 13, 14, 42 and 43 use 
a static thrust coefficient which was derived from E. P. Warner's ‘‘ Aeroplane 
Design,’’ and from his N.A.C.A. Technical Note No. 4. Essentially all of these 
last mentioned methods use a non-dimensional coefficient which is equal to a 
constant times the thrust coefficient, C,, divided by the power coefficient, Cy. 
Although the form of the equation used in the present method appears entirely 
different, the two methods are basically quite similar. The static thrust efficiency 
used here is also equal to a function of these coefficients : 

This different combination of the airscrew coefficients was chosen in preference to 
the former one because it was so clearly indicated by the momentum theory. 
Many of the test data used in this report were reduced by both methods. They 
were inadequate for definitely showing a preference of one method over the other, 
when allowance had been made for tip speed in both cases. It is interesting to 
note that in 1932 M. Schrenk published a method which is basically similar to 
the present one. He commented on the almost complete lack of data. There is 
not much more data available to-day. This work is reported in Reference 26. 

At present a much used source of static thrust data is Reference 13. This 
method is likely to give widely divergent results from the present method. This 
is partly due to the form of the equations used, partly due to the neglect of tip 
speed and partly to the fact that the basic data come from a different series of 
tests. An attempt was made to reduce the N.A.C.A. data by the present method, 
but this was discarded because the tip speeds were frequently omitted, because 
no true static thrust readings could be obtained in the wind tunnel, and also 
because the N.A.C.A. data which were reported as static thrust appeared very 
scattered. 

Some years ago the U.A.T. Research Division made some full-scale measure- 
ments of static thrust with normal engine and airscrew installations. The 
aeroplanes were placed outdoors with the thrust lines horizontal and long cables 
were run from the aeroplanes to a thrust measuring scale. These thrusts were 
thus nett thrusts and very nearly those actually occurring at the start of the take-off. 
The results of these tests were checked by the present method and by that of 
Reference 14. Both methods gave results differing widely from the tests, though 
in all cases the discrepancies using the present method were smaller. 
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More recently similar tests have been carried out by Rolls-Royce, who wert 
kind enough to let us use the data they obtained. These results checked Fig. 27 
remarkably closely (within about 5 per cent. for all normal conditions) althoug! 
they indicated a marked falling off in efficiency at very low angles and high ti 
speeds. They also indicated a small but noticeable effect from thickness. Thi 
data were not, however, sufficiently complete to enable corrections to be derived 

The need for more accurate data is becoming increasingly urgent due to all o 
the current trends in aeroplane and engine design and due to the growing tendenc\ 
on the part of aeroplane purchasers to require guarantees of take-off performance 
Test data should be obtained on the more common airscrews. The above method 
of test and analysis should be satisfactory if they are kept up to date. 

Fic, 28.—Comparison of Static Thrust Efficiencies of Raf and Clark Airscreu 
Seclions.—This correction factor is to be applied to the static thrust efficiencies 
obtained by the method of Fig. 27. 

The original data from which Fig. 27 was derived, although incomplete in man) 
respects, did show definitely that airscrews having Raft aerofoil sections give larger 
static thrusts than airscrews having Clark aerofoil sections, everything else being 
equal. The correction factor was reduced for several tip speeds and was found 
to be substantially the same. The correction according to Fig. 28 appears large, 
but the preference of Raf sections over Clark sections is found to be about 50 pe: 
cent. larger by the data of References 13 and 14. Those references, however, 
agree very Closely with the general shape of the correction given in Fig. 2 


This correction does not show directly the relative merits of Clark and Raf 
aerofoil sections as far as static thrust is concerned, because static thrust is also 
a function of several factors which are separately affected by the aerofoil section. 
The Raf airscrew, to fulfil in the same manner the same operating conditions as 
a Clark airscrew, will be smaller in diameter and will have a higher blade angle. 
Both of these diminish greatly the preference for Raf sections shown on Fig. 25. 
This preference is, however, augmented by the fact that the fixed pitch airscrews 
having Raf sections may be expected to turn at higher engine speeds in the stat 
condition. The overall balances of these effects will usually give fixed pitch 
airscrews with Clark sections a preference over those with Raf sections only at 
quite small blade angles. For controllable pitch airscrews set for take-off, the 
angle at which Clark airscrews cease to be preferable to Raf airscrews becomes 
much larger. 

Fic. 29.—Conditions for Zero Thrust.—The determination of the airscrew 
operating conditions in which the net thrust will be zero is sometimes desired, 
as for glide tests. Fig. 29 shows the requirements. 

This method of reducing the data depends on the assumption that zero thrust 
occurs at a certain angle of attack. This basis of reduction automatically partially 
eliminates certain of the airscrew characteristics such as blade area. The data 
in Reference 9 show that the thickness ratio has a small though predictable effect 
at the v/nD at which zero thrust occurs. This report also shows that when the 
data are reduced on a blade angle basis the aerofoil section used for the blade has 
little effect. References 7 and 5 indicate that the effect of blade width was very 
slight, which is reasonable considering the analogy for the conditions of zero 
thrust of an airscrew and the conditions for zero lift of an aerofoil. These reports 
have also indicated what was amply confirmed by Reference 16: that slipstream 
obstruction has a marked effect. The effect of body interference shown was drawn 
from the data in Reference 5, and the data in Reference 16 fall within the range 
drawn; that is, this range covers most usual cases. Since the reducible data were 
very meagre, the curves should be considered as approximate. Reference 5 gives 
results at one blade angle only. These were extrapolated to others using a 
constant proportionate change in J,, as equivalent to a given change in body 
interference. This is justified by the conception of body interference as a slowing 
up of the air at the airscrew. 
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Fig. 30.—Approzimate Thrust Resulting from Flying at Conditions Slightly Off 
{hose for Zero Thrust.—This curve is usetul for computing the thrust which was 
actually obtained in flight tests which were supposed to have been run at zero 
thrust. It should not be extrapolated. Difference in J was used for the abscissa 
instead of a ratio of J because the difference fitted the data more closely than the 
ratlo,. 

lhe data in Reference 9 show ihat the curve has the same slope for Clark as it 
has for Raf section airscrews. This report also indicates that variations due to 
blade thickness are not predictable. References 5 and 16 show that any variations 
in the slope of the curve caused by a variation in body interference is slight and 
erratic. The small scale tests of the latter reference show that the curve becomes 
increasingly steep as the blade angle is increased, but this is not supported by 
the full-scale tests of the other references. While in the data from which this 
figure was drawn the effects of activity factor were overshadowed by the general 
scattering, it is to be expected that an increase in activity factor would cause an 
increase in the slope of the curve. Under ‘‘ Discussion of Effects of Parameters ”’ 
is a statement indicating the general effect of plan form for any operating condition 
While this correction is not strictly applicable to any one flight condition, it may 
be applied to this curve with some resulting increase in accuracy. While no data 
are available on the effects of number of blades, it is to be expected that the 
thrust coefficient for three blades would be somewhat less than 50 per cent. 
greater than that for two blades. The constant 1.4 is therefore included as an 
arbitrary correction to Fig. 30. 

hic. 31.—Relation Between Diameters of Airscrews Chosen for Maximum and 
Pouk Efficiencies.—This figure shows the relation between the diameter for 
maximum efficiency and the diameter for peak efficiency, where the D,..x/D,, 
ratio equals Jy,/Jpeaxy Since the values of V and N are design conditions and are 
the same in either case. The J,.., is the value giving an efficiency which lies at 
the top of an individual blade angle curve. Fig. 31 is included merely as a matter 
of interest. 

ig. 31 is a composite of all pertinent full-scale data. It was found that data 
relating to peak efficiency were much more scattered than those pertaining to 
maximum efficiency. 

iG. 32.—Effect of Body Interference on Efficiency for a Variety of Arrange- 
ments.—This figure should not be used as part of the present method of making 
airscrew calculations. It is included as a check between this method and the most 
important of the original N.A.C.A. full-scale data. 

ach of the arrangements shown was tested and reported in Reference 6. The 
comparison with the present method was made by calculating from the preceding 
data the efficiency which we would expect for each arrangement. The ratio 
between the actual efficiencies and the calculated efficiency, F’,, shows directly 
the errors which have been introduced by averaging and systematising all of the 
test data. In general the check is at least as good as could be expected. Variations 
in the slopes of the curves are bound to be unpredictable ; for instance, there seems 
no logical reason why the slope of F’, for case III should be so different from 
that for cases V and VI. The error for case I is large, partly because this case 
was not used in averaging the data for Fig. 14. The omission was made because 
the test results seemed unreasonable and a test error was suspected. In each of 
the cases having radial engines, engine diameter was used as the body diameter 
by which the body interference correction was determined. The correction factor 
for case IV shows that the calculated efficiency was too large. This illustrated 
that, when the engine is followed by a large cabin fuselage, it is desirable to use 
a body size larger than that of the engine. 

Similar calculations were made for the case of a nacelle mounted on the leading 
edge of the wing (Reference 15). The present method of calculation agreed 
exactly with the test data at a wing angle of —5 degrees. The test data showed 
an enormous reduction in efficiency accompanying an increase in angle of attack. 
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The effect was in fact so large that it was thought desirable to withhold from the 
present method any such correction factor until more data have been obtained. 

Fic. 33.—Lffect of Activity Factor on Airscrew Power Absorption.—These 
curves show the effect of activity factor upon the power coefficient, C,, at a given 
blade angle, thickness ratio at the three-quarter station, and v/nD. These data 
are included only because they are of general interest and may apply in particular 
problems. Unfortunately the correction factor will vary considerably with airscrey 
operating régime and these curves should not be used outside of the region near 
maximum efhciency. 

The curves were calculated from a part of the present method previously given, 
Fig. 2. The data do not at first sight agree with that in Reference 7. An 
apparent discrepancy is due to the effect of a change in aerofoil thickness having 
been eliminated from Fig. 33. 

iG. 34.—Working Chart for the Selection of a Typical Aluminium Alloy 
Airscrew.—During the past few years, since the issuance of References 6 and 43, 
many aeronautical engineers have acquired the habit of using airscrew data 
reduced in the form of curves of J and efficiency against C,. Fig. 34 presents a 
chart of the present analysis of airscrew characteristics in this manner. 

Fig. 34 was obtained directly from the data of the present analysis previously 
given. It is, therefore, the result of an averaging of all of the full-scale metal 
airscrew data. But since the present analysis included a systematising of this 
data, these curves apply only for the conditions listed on the figure. An infinite 
number of other similar figures may be computed for different combinations of the 
variables. In any case, this figure should be used only in conjunction with the 
correction factors in the rest of this method. 

Although the range of airscrew characteristics shown on Fig. 34 appears very 
limited, it is nearly as large as that given in Reference 6. The efficiency curves 
can in general be extrapolated below the values given by using Fig. 22, and the 
v/nD against C, curves can be carried clear down to the origin of the graph by 
direct computation from Fig. 21. This was not done because of the difficulty of 
presenting them on a chart of convenient size and also because the accuracy of 
such curves plotted on a uniform scale becomes inadequate for low values of 
v/nD. Even in the range shown the accuracy of this plot, for use in calculating 
engine speed in climb, for instance, 1s considerably less than the accuracy of 
Fig. 21. 

The figure could, of course, be extrapolated to cover the same range of angles 
and J’s as Figs. 8 and 14. 


DISCUSSION OF THE EFFECTS OF PARAMETERS. 

The following discussion is supplementary to the information included in the 
descriptions of the various figures. It is intended to cover various points prin- 
cipally in connection with the effects of variables not included in the general 
method and to discuss the effects of variables on data outside the scope of the 


method. 


OPERATING CONDITIONS. 

Changes in Blade Angle Due to Deflection Under Load.—The effect of blade 
deflection is discussed in some detail under the description of Fig. 21. This factor 
will affect the accuracy of blade angle and power absorption characteristics, but 
should have only a slight effect on efficiency. Data on this subject are given in 
Reference 8. More data is urgently needed. 

Yaw.—The effect of an inclination of the thrust line to the relative wind is very 
difficult to take into account. Reference to shows that, in the case of an airscrew 
mounted in the nose of a fuselage, the effect is not large. References 11, 12, 15, 
18 and 19, on the other hand, indicate the effect to be very large in the case of an 
airscrew mounted in a nacelle on the leading edge of a wing, although this may 
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be more a body interference than a yaw effect. This question is discussed more 


fully under Fig. 17. 
Body Interference.—The effect of the presence of a body on the characteristics 


of an airscrew is extremely complicated and not well understood. The character 
of the effect upon power absorption and efficiency at a given blade angle and J 
is a function of the body size and shape as it deflects the streamlines from their 
normal paths, the cleanness of the body, and the bladé shape characteristics. In 
general, one would not expect body interference to affect greatly the J,, for a 
iven Cy. Additional discussion is given under Fig. 17. 
Scale.—Since the data of this report are based almost entirely on large scale 
tests, there should be little error from this source in using the data for estimates 
on small airscrews. Now that very large airscrews are coming into use, however, 
the data can no longer be classed as ‘‘ full ’’-scale. 

Tip Speed.—tThe effect of this variable is discussed fully under Fig. 10. 


= 


BLADE SHAPE CHARACTERISTICS. 

Since this report does not cover the entire range of possible airscrew operating 
conditions (see ‘* Scope of Analysis ’’) it seems advisable to indicate in a general 
way the approximate influence of some of the shape characteristics on performance 
over the entire working range. Such approximate data must of course be based 
on conditions in the ordinary working range, because there is insufficient material 
to supply the necessary information for other operating régimes. Using the data 
for such other conditions is therefore a very approximate method, and in fact it 
may be a completely erroneous one. The approximate corrections interspersed 
in the following discussion are found to be about the average over most of the 
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Effect of thickness ratio on static blade angle. 


range between the climb condition and the zero thrust condition. They are not 
completely true at any one point, and in general they do not apply at values of J 
near zero. They are presented as effects of the variables on the thrust and power 
(or torque) coefficients at constant J and 6. Actually the effects will not be the 
same on both thrust and torque, but the error involved is unimportant because 
of the generally approximate nature. 

Number of Blades.—The manner in which correction for number of blades is 
included (i.e., by change in the constant for the calculation of C.) is based on small 
scale data on wooden airscrews. Reference 43 states that two blades will absorb 
about 70 per cent. as much power as three similar blades. The airscrew power 
coeflicient will thus increase 43 per cent. from two blades to three, and then C,, 
When using data obtained with two blade airscrews, should be increased 7.4 per 
cent. The validity of this assumption is demonstrated by the fact that test data 
showing blade angle settings will reduce to one curve of vs J, (see Fig. 8a) 
regardless of number of blades. Whatever scattering of data there may have been 
due to number of blades was less than the general scattering from other causes. 
Also, References 32 and 41 indicate that this assumption is not far wrong. It 
has been suggested that the effect of number of blades might be accounted for by 
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assuming an increase in the airscrew activity factor. By referring to the analog) 
between activity factor and wing aspect ratio (see ‘* Activity Factor,’’ page 58 
it may be seen that this conception is probably not a true one, since increasing 
the total blade area by 50 per cent. by adding a third blade does not give the sam« 
decrease in effective aspect ratio as that obtained by increasing the area of tw 
blades by 50 per cent. Neither is the effect on efficiency expected to be the same 
because of the difference in conditions of blade interference. 
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Airscrew efficre ney jor static th rust, Clark sections. 
For Raf sections correct by Fig. 28, body/prop. ratio=0.417. 
For other values correct by Fig. 17. 


T,=10.4 (b.h.p. x 9, x (p/po)}. b.h.p.=engine power at static thrust. 
T,=static thrust, lbs. D=airscrew diameter, ft. 
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Comparison of static thrust efficiencies for Raf and Clark airscrew sections. 


yn’, is defined on Fig. 27. 
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lerofoil Section.—Many of the data presented in the report, while not strictly 
=8 applicable to airscrews with aerofoil sections other than Clark and Raf, may 


sing be used for estimates in connection with other sections. Such an estimate would, 
am however, require a knowledge of the characteristics of the section in question, 


two in comparison with those of the two standard sections. Since the efficiency is 
not very sensitive to section, it may be estimated without great error; but blade 


me 
angle calculations and estimates of the power absorption characteristics cannot 
be made with reasonable accuracy because of the large effects of blade section. 
lhere is no good average difference between the power absorption characteristics 
of Clark and Raf sections at the same 6 and J. The following table will indicate 
the direction of the changes in C, and C, when changing from Clark to Raf 
section, in the régime of positive thrust and torque. Most of the differences are 
small, except near J =o. 
CHANGE IN C, AND C,; FOR CHANGE FROM CLARK TO Rar. 
For values C, Cy 
near For low 6 For high 6 For low 6 For high 6 
J= Indeterminate Decrease Increase Increase 
Increase Increase Indeterminate Indeterminate 
Jao Increase Increase Indeterminate Increase 
Pitch Distribution.—Since this report neglects the effects of pitch distribution, 
it is necessary to assume that the particular airscrew in question is suitably 
designed for the given conditions. It has been found by model tests (Reference 
3) that the effect on efficiency with normal body interference of small changes 
1-6 
oS « 
= 
a. 
\ 
e 
st. 
1-0 
Tt = V/ND For ZERO THRUST 
0-6 
10 14 18 22 26 30 
BLADE ANGLE aT O-75R, Oa 
Fig. 29. 
Conditions for zero thrust. 
This curve is for Clark or Raf airscrews of any plan form and of a 
thickness ratio at 0.75 R (h/b)=0.075. 
For other thicknesses, add 0.012 to Jy, for each 0.01 increase in |i/b 
if the airscrew has a Clark aerofoil; or add 0.018 to J,, for each 0.01 
“ increase in h/)b if the airscrew has a Rat aerofoil. 


Make corresponding reductions if the thickness is less than 0.075. 
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in pitch distribution is not great. For instance, when the average angle of attacl 
over the inner half of the blade was changed from about 2° to about 14 or 16 
(a much greater change than will normally be found in practice) the efficiency 
was reduced 4 per cent. It is to be expected, however, that the effect on powe: 
absorption is much greater, so errors will be introduced in blade angle calculations. 
A large part of the scattering of the data for Fig. 8 is probably due to this factor. 

The above observations are probably sufficiently accurate for the bulk of thi 
cases at low J’s. For wide variations in J, however, there is recent evidence 
that pitch distribution has a marked effect on efficiency. 

Reference 20 gives the results of wind tunnel tests on a 4ft. model airscrey 
mounted on a nacelle on a wing. The tests covered blade angles from 17 degrees 
to 42 degrees and the Raf sectioned airscrew was pitched for a J of .45. The 
tests show that the envelope efficiency curve gives very good efficiency at lov 
J’s and comparatively poor ones at very high J’s. This comparison is made with 
Fig. 14. The difference between the two seems entirely logical in character. 


z as 
2 
~ 3 
tu 
uw 
> +80 
4 
= 
a 
o 
a 

“1S ia. 
= 
2 
= 
x 
= 

°70 } 2 

3 
4 
fe) 5 1-0 20 25 
Fic. E. 


Suppose d character of effect of pitch distribution on maximum efficiency. 
(See discussion under ‘** Pitch Distribution.’’) 
1= envelope curve for all distributions. 
2= pitched for very high J. 
3 = assumed in this report. 
4= pitched for a very low J. 


Reference 32 give the results of wind tunnel tests on a series of 3ft. models 
pitched for J’s from .3 to 1.5. In general they show that the envelope efficiency 
curve rises less steeply at low J’s and reaches higher values at high J’s.. Wher 
the data from both these sources are compared with Fig. 14 the character of t! 
variations is logical, but there is a difference in the vertical placement in the 
curves which is probably due to tunnel conditions and differences among the 
operating conditions which really should not be present for a true comparison. 

The R. & M. tests would have given an envelope curve which should embrace 
all envelope curves for all pitch distribution if they had been carried out in such 
a way as to show the efficiency of each airscrew under all conditions rather than 
only under the conditions for which it was pitched. This is really necessary 
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because there is considerable evidence to show that an airscrew does not give its 
maximum envelope efficiency for the J at which it was pitched, but rather at 
some higher J. 

If complete data were available, we think that it would show variations similar 
to those illustrated on Fig. E. Fig. E is a full family of envelope efficiency curves. 
Each airscrew is pitched for a given J and then rotated to give efficiency at all 
other J’s. Those pitched for low J’s show best comparative efficiencies at J’s 
slightly above where they were pitched, but fall off markedly at very high J’s. 
Those pitched for high J’s do not give quite as good efficiency at low J's, but are 
better at high J’s. The heavy curve is ‘‘ an envelope of envelopes *’ showing the 
highest efficiencies which are obtainable under ideal pitch distribution conditions 
assuming only that everything except pitch distribution (operating conditions and 
blade characteristics) are constant. 

The theoretical shape of this curve is well known from blade elemental theory. 
It should rise steeply at low J's, flatten out to somewhere before a J corresponding 
to 45 degrees angle advance is reached (high efficiency blade sections flatten out 
quickly and low efficiency blade sections flatten out at high J’s) and, if the 
aerofoil were symmetrical and of perfect efficiency, the envelope curve beyond that 
J should likewise be somewhere about a J corresponding to 45 degrees angle 
advance. 
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Thrust during take-off. g.oft. dia. two-bladed airscrew. 


There are likewise numerous secondary effects of pitch distribution which may 
be important. One of these is tip speed, because pitch distribution influences the 
character of the whole of the blade. Another one is static thrust, and it is safe 
to say that all airscrews are pitched too high to give the best possible static thrust. 

Thickness Ratio.—The use of the thickness of section at the three-quarters 
radius as representative of the whole airscrew will not introduce large errors in 
the efficiency calculation, since this variable is not of great importance, at least 
as far as its primary effects are concerned. The use of only the three-quarters 
station is partly justified by the fact that airscrews are normally constructed with- 
out abrupt changes in thickness over the working portion of the blade. 

The lack of an integrated thickness factor may introduce large errors in the 
calculation of some of the secondary effects, such as that on the efficiency loss 
due to tip speed and on the rate of change of rotational speed with air speed. 
In spite of this fact, it is not expected that large errors will appear in the final 
result, since the secondary effects are basically of smaller importance. 

The range of thickness ratios covered here should be adequate for most metal 
airscrews. Wooden airscrews usually require thicker blades (h/b larger than about 
0,10 or 0.11) and thus will fall outside the range of these data. 
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As far as its effect on C, and C, at constant J and @ is concerned, an increase 


40° 


in h/b of 0.01 is equivalent to an increase in 6 of about 1/3 

Aspect Ratio.—It is rather difficult to form a physical picture of the effect of 
aspect ratio upon the performance of an airscrew, but this is facilitated by con- 
sideration of an ordinary wing. The aspect ratio of a wing is the square of the 
equivalent monoplane span divided by the area. When a wing is held at a given 
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Relation between diameters of airscrews chosen for maximum 


and peak efficiencies. 
Deak = diameter to give peak efficiency under design 
conditions of h.p., N. V and p/p. 
= diameter to give maximum efficiency under same 
design conditions, 
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ase angle of attack, the lift is high and the drag is low for high values of the aspect 
ratio. If the same effect occurred on an airscrew, the efficiency and power 
o! absorption of a high aspect ratio blade would be larger than for a small one. 
on- Fortunately, in a wing the geometrical shape gives a sufficient indication of the 
the ‘equivalent monoplane span ’’ so that small corrections can be applied and a 
ven fair estimate made of the aspect ratio effects. 
In an airscrew, however, the velocity distribution along the blade varies greatly. 
Also the ‘‘ tip ’’ conditions at the blade root are doubtful; and the tip conditions 
at the outer end of the blade are likewise uncertain, because of the usual high 
speeds of the air flow. It therefore would seem very difficult to obtain an 
equivalent monoplane span correction factor which would enable calculation of 
the effective aspect ratio of a rotating aerofoil. 
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FiG. 32. 

Effect of body interference on efficiency for a variety of arrangements. 
F’,=maximum efficiency with illustrated arrangements 
-maximum efficiency calculated by present method. 
Note.—In each case the body diam./prop. diam. ratio is 
taken as 0.417 for proportions as noted. 


If all airscrews were of the same family (geometrically similar), excepting for 
proportionate variations in blade width, aspect ratio would be a simple function 
of activity factor. With actual shapes, variations in blade width distribution 
along the radius prevent this being strictly true, but the general form of usual 
shapes are sufficiently uniform to make aspect ratio some sort of rough function 
of activity factor. In other words, careful analysis of the data for activity factor 
automatically includes approximate corrections for aspect ratio, although these 
are not strictly accurately taken into account. 

Furthermore, the effect of changes in aspect ratio, as distinct from activity 
factor, are not large within the range of usual airscrews. 

Therefore, due to the doubtfulness of methods of correcting for aspect ratio, 
to the fact that it is approximately allowed for in activity factor and to the fact 
that its effect is not large, aspect ratio has not been used in this analysis as a 
separate parameter. This has probably caused some of the scattering in the 
reduction of the flight test blade angle data shown on Fig. 8a. 


M. THOMAS, F. W. CALDWELL AND T. B. RHINES. 


bo 


Activity Factor.—It will be seen from Fig. 33 that the influence of A.F. on 
power absorption is very much less than would be at first expected, in view oi 


the nature of this parameter. A.F. was originally designed to represent the 
integrated capacity of the blade for absorbing power; but we see that the actual! 
capacity does not increase in direct proportion to the increase in A.F. The 


reason for this becomes apparent upon study of a parallel case, the effect of wing 
area and aspect ratio upon lift and drag. Doubling the blade width at each 
station would both double the activity factor and halve the aspect ratio of thx 
blade. Reference to aerofoil data on the effect of aspect ratio (see, for instance, 
N.A.C.A. Report No. 431) shows that halving the aspect ratio of a wing causes 
a large decrease in lift coefficient at constant angle of attack. Since, in the norma 
operating régime, the power required to turn an airscrew depends primarily on 
the lift of the various aerofoil sections, we could not expect to double the powe: 
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FIG. 33. 

Effect of activity factor on airscrew power absorption. 
Co=P/p?D* =h.p. {N*D* x p,/p x 
Note.—These curves apply only for airscrews operating at values 
of v/nD near those for maximum efficiency. 


C,/C, for A.F.=7o=ratio of power coefficients for constant blade 
angle and v/nD, and for constant |i /b. 
coefficient by doubling the A.F. The magnitude of the apparent discrepancy as 


estimated in this manner is not inconsistent with that found by test. 
An increase in A.F. of 10 per cent. results in an increase in C, and C, of about 
44 per cent., over most of the normal working range of an airscrew. 


APPLICATION OF DATA TO OTHER FORMS OF PRESENTATION. 

The same data on which the information in this report is based might be 
organised in any of several forms, some of which would at first sight appear to 
be simpler than the present one. The appearance of complexity that this report 
presents is, however, due in part to the newness of the method, which leads to 
some confusion until the data become familiar through use. Any other form of 
presentation would fall into one of two general classifications. The first would 
include methods using some set of standard conditions as a starting point, with 
subsequent corrections to the actual existing conditions. The other group would 
include those methods that attempt to present complete sets of data for various 
airscrews, with enough different sets to cover al! likely airscrew installations. 

Each of the first three methods discussed is susceptible to arrangement in the 
first form; but, if this were done, due allowance having been made for each of 
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on 
y of he parameters, the result would be just about as complex as the method employed. 
the The first three methods may also be arranged in the second form; but this is at 
tua! present unwise because of the amount of labour involved and because the entire 
The group would have to be recomputed frequently in order to be kept up to date. 
jing Thrust and Power Coefficients.—Under the second group of methods would 
rach appear curves of the coefficients C, and C, versus J. for constant blade angles. 
the Since thrust and power are affected by the minor variables, such as A.F., tip 
nce, speed, etc., it would be necessary to plot sets of curves for each combination of 
uses the variables. Obviously an infinite number of combinations is possible, so the 
‘ma degree of accuracy must be a compromise with the amount of material presented. 
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Curves of this sort are often valuable for certain types of work, such as a cas« 
where one desires a direct statement for the variation of airscrew power absorption 
with blade angle. 

N.A.C.A. Working Charts of C,.—These charts, which might also be prepared 
for various combinations of the operating conditions and shape characteristics, 
are useful in certain instances. They are well suited for making airscrew choices 
to fulfil required operating conditions, since C, does not contain diameter. Curves 
of C, versus J may also be used in finding variations of rotational speed with 
air speed by calculations such as are described in Reference 25. Fig. 39 shows 
working chart of the type in question, which was computed from the data in the 
remainder of the report. Fig. 21 of this report would be expected to supply a 
better method for determining the variation of rotational speed with air speed 
since its ordinates are arranged to supply more accurate values; t.e., I’ and \ 
appear on Fig. 21 in their first powers, while N is involved in C, in its two-fifths 
power. When plotted on a uniform scale, the curves of C, become increasingly 
inaccurate as the zero J condition is approached. 

The Cocfficient Cg,.—Reference 17 presents airscrew data in the form of curves 
of Cg, against C,/Cg for constant blade angles, where 

Cos=v ¥ (pD*/Q). 


Qs 
Since (,/Cg=TD Q, these curves are easy to use for the determination of 
thrust variation with velocity. The original data in Reference 17 are seriousl; 


limited in accuracy by the omission of the effects of the secondary variables. This 
is particularly important in the case of the tip speed effect near zero J. 

The Present Method.—The present method was chosen for two main reasons 
First, it is a form which is readily susceptible to a breakdown of the effects o! 
the separate parameters. .\lso it is easy to make changes as more informatio: 
becomes available, since each effect is presented separately and can be corrected 
or revised as may be necessary. New data can be added from time to time without 


necessitating complete revision. This flexibility is essential if the method is to be 
kept up to date. The present arrangement also makes provision, in many cases 


for calculation of any part of the performance without the necessity of developing 
complete charts for the case at hand. Thus, for instance, calculations of static 
thrust may be done independently of those for the flight conditions. 

The present method is frankly a compromise. It is realised that certain 
problems could be more readily solved by the conventional coefficients; but any 
one presentation of the data cannot fulfil all requirements. 

Whenever cases arise for which it would be better to have the coefficients in a 
different form, conversion of the data may be readily made. The relation among 
the usual coefficients given later in the report will be of assistance. Fig. 39 is 
an example. 


NOMENCLATURE. 
SYMBOLS. 

The following definitions are used in this report. A more detailed explanation 
of the meanings of many of the symbols can be obtained from their uses and 
equations in the subsequent text. 

V=aeroplane speed, m.p.h. 

v=aeroplane speed, ft. per sec. 

N=rotational or airscrew speed, r.p.m. 
n=rotational or airscrew speed, revs. per sec. 
D=airscrew diameter, ft. 

R=airscrew radius, ft. 

p= air density, slugs per cu. ft. 

p/Po=Ttatio of p at altitude to p at sea level. 
P=power, ft. Ibs. per sec. 

h.p. = horse-power. 
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C,= Speed power coefficient 
where AK =0.638 for two-blade airscrews and 0.685 for three-blade 
airscrews. 
A.F.=airscrew activity factor 
1.0 
= (100,000, 16) | (b, D) (r/R) d (r/R). 
0.2 
i/b=ratio of blade thickness to blade width (measured at the three-quarter 
station, in this report). 
J=v/nD=88 V/ND. 
J',)=J for maximum efficiency under given conditions of C, and A.F., when 
h/b=0.075. 
J, =J for maximum efficiency under given conditions of C,, A.F. and h/b. 
D/D,, = ratio of actual diameter to diameter calculated from J,,.. D/Dy=Jm/J, 
where J is actual v/nD. 
@= angle between direction of motion of blade element and plane of rotation. 
Subscript ‘* t’’ denotes angle at tip, ‘‘ 3’’ denotes angle at 0.75 R. 
6=blade angle. Subscript denotes at 0.75 R; subscript ‘‘ 42 ”’ or 
‘** 36 ’’ denotes 6 at 42-inch or 36-inch station. 
a=blade angle of attack. 
f,=correction to critical tip speed due to change in speed of sound with 
temperature. 
f,=correction to critical tip speed due to h/b. 
f,=correction to critical tip speed due to a. 
§,,=blade angle to correspond to J,,, for standard conditions of h/b, body 
interference, and tip speed. Measured at 0.075 Rh. 
Aé,,=correction to blade angle due to D/D,,, to give angle for actual J for 
standard conditions of hb, body interference, and tip speed. 
Aé, =correction to blade angle due to h/b. 
Aé,= correction to blade angle due to body interference. 
Aé,=correction to blade angle due to effective tip speed. 
= propulsive efficiency of an airscrew 
effective thrust x velocity of advance 


input power 
Nm= Maximum propulsive efficiency for standard conditions of A.F., h/b, 
body interference, and tip speed. 
F efficiency correction due to activity factor. 
F,,= efficiency correction due to blade thickness. 
F’,= efficiency correction due to body interference. 
F,,=elficiency correction due to D/D,. 
efficiency correction due to tip speed loss. 
b.m.e.p.=engine brake mean effective pressure 
b.m.e.p. = (792,000 x h.p.)/(V x cu. in. displacement). 
Jg=v/nD for maximum efficiency at a given blade angle, for standard condi- 
tions of h/b, A.F., etc. 
me= Maximum propulsive efficiency for Jo. 
's= efficiency for static thrust, under standard conditions of body interference. 
1}, = efficiency for static thrust, under given conditions of body interference. 
T = effective thrust, Ibs. 
T= effective static thrust, lbs. 
for zero thrust. 
Q=airscrew torque, lb. ft. 
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COEFFICIENTS. 

The primary effects of the major airscrew operating conditions (p, N, D, J 
and h.p.) are taken into account in the usual way by the use of thrust, torque 
power and efficiency coefficients. Some of the following ones are included mainly 
for reference and for convenience in using the data of this report for othe: 
purposes than those for which they are expressly arranged. 

Thrust and Torque.—The following are definitions of standard coefficients o 
thrust and torque :— 

Thrust coefficient :— 

C,=T /pn?D'‘ =(10' x T x p,/p)/(6.6 x N?D*). 
Torque coefficient :— 

Ce=Q/pn?D* = (107 x Q x /(6.6 x N?D*). 

The following thrust and torque coefficients are also occasionally used :— 

Thrust coefficient :— 

T,.=T / pv? D? = (10° x T x po/p)/(5.11 x V?D?). 
Torque coefficient :— 

Q.= Q/pv?D* =(10° x Q x p./p)/(§.11 x V?2D*). 

Power.—The most common power coefficient is :— 

=(10!' x h.p. x po/p)/(2.0 x 

The N.A.C.A. has reported many of its test data using another, the speed powe: 
coefficient. This one is particularly useful in choosing airscrews because it does 
not contain diameter. 

This power coefficient is used in this report with a modification to allow a large 
part of the data to be used for either two- or three-blade airscrews. In engineering 
units the formula becomes 

C,=0.638 V/ { (h.p. } . 

When three blades are to be used instead of two, the constant 0.638 may be 
replaced by 0.685. A discussion of the validity of this modification is given 
elsewhere in this paper. 

Propulsive Efjficiency.—The information in this paper deals largely with deter- 
mination of propulsive efficiency ; that is, the ratio of effective thrust times velocit) 
of advance to the input power, Tv /P. ‘The effective thrust is defined as the axial 
force on the airscrew shaft minus the increase in drag of the fuselage (or other 
slipstream obstruction), due to the slipstream. In many wind tunnel tests the 
effective thrust is measured as the algebraic sum of the resultant force in the wind 
direction on the aeroplane with airscrew operating and the drag of the aeroplane 
at the same free air speed with airscrew removed. The power input to the 
airscrew is obtained from the direct measurement of the torque required to turn 
the airscrew. For a detailed description of the apparatus used by the N.A.C..\. 
for determining propulsive efficiency, see Reference 1. 

English users should take especial note of the fact that slipstream allowances 
are inherent in this method and that, if additional corrections are made, the 
calculated efficiencies will be too low. 

Relations among Coefficients.—The following are presented for convenient 
reference in transforming data from one coefficient to another :- 


TJ? 
( Qed 
| 


Q 
C,=J /(C,)'"* 
/Cp 
The following are true when applied to data with one engine, or with engines 
of the same piston displacement :— 
(F,/J PrP =(N/N,)V { pB 
Cp)t (J /J,)=(C,/C,,)°? J, /J (V/V,) { 
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When diameter is constant, as it is throughout any practical problem with one 
airscrew, the right-hand members of the last two equations are the ordinates of 


Fig. 21. 


PERFORMANCE PARAMETERS. 

the number of factors affecting the performance of an airscrew is so large that 
they cannot all be taken into account separately. Experience has shown that 
certain groupings of them are for practical purposes sufficient to describe the 
performance of a certain airscrew. The following are the most useful ones. 
Nearly all of them are standard and are therefore dealt with briefly. More detailed 
discussion of the effects of the parameters is given later. 

Operating Conditions.—The most important of the airscrew operating conditions 
(power, air density, air speed and rotative speed) are allowed for in the coefficients 
themselves. Others must be taken into account separately. 

Advance per revolution (function of J).—This one is important because it gives 
a good indication of the angle at which the relative wind is approaching the blade. 

Blade Angle, 6.—The angle setting of a blade element in combination with the 
angle of advance determines the angle of attack at which the element is working. 
The angle of attack of an element controls its lift and drag and therefore its 
thrust and torque. The performance of the whole airscrew can theoretically be 
calculated by integration of the characteristics of the elements over the length of 
the blade. In this analysis, the angle at the three-quarter radius is used as a 
measure of the average pitch. 6 is measured when the airscrew is stationary and 
therefore does not allow directly for the deflection of the blade under load. 

Yaw.—When an aeroplane is climbing, the airscrew is ordinarily operating in 
a yawed condition. The angle of yaw is the angle between the thrust line and 
the direction of the resultant wind stream upon which the whole airscrew is acting. 

Body Interference.—If an airscrew is mounted near a relatively large body, 
the airlow through the airscrew is modified enough to warrant making an 
allowance for the interference between the body and the airscrew. For reasons 
already discussed, use is made of a simple parameter, the ratio of the body 
diameter to the airscrew diameter. 

Scale.—After allowance has been made for the separate effects of aeroplane 
speed, air density and blade shape, size and speed of rotation, there still remain 
two operating conditions which affect performance: tip speed and the usual 
Reynolds number. 

Tip Speed.—The air which flows over a blade sometimes reaches very high 
velocities ; the speed at the tip is a measure of the velocity operating condition of 
the whole airscrew. The form of the reaction of an air stream upon a_ body 
changes abruptly as the air velocity approaches that of the speed of sound in the 
air. It is therefore necessary to apply tip speed corrections to the efficiency and 
power absorption characteristics when the tip speed is near the speed of sound. 

Blade Shape Characteristics.—The diameter of an airscrew and the number of 
blades that it has will obviously influence its performance. Plan form is likewise 
important. Although all airscrews have the same general form, there are in use 
a wide variety of blade shapes. For instance, one airscrew, cut down in various 
ways and by various amounts, produces as many different shapes as there are 
cuts. The effect of these differences upon the performance is taken into account. 

Acrofoil Section.—The two aerofoil sections which are widely used in this 
country on metal airscrews, modifications of the Clark-Y and Raf-6 sections. 
Details are given elsewhere. 

Pitch Distribution. —When a new airscrew is designed, the blade angles at each 
station along the radius are usually fixed so as to make all the elements operate 
at substantially the same angle of attack at an assumed design condition. This 
procedure fixes the airscrew design so that all other operating conditions are 
systematically related to the design condition. It is assumed that the test data 
from which the present analysis was made apply. When any standard pitch 
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COEFFICIENTS. 

The primary effects of the major airscrew operating conditions (p, N, D, J 
and h.p.) are taken into account in the usual way by the use of thrust, torque 
power and efficiency coefficients. Some of the following ones are included mainly 
for reference and for convenience in using the data of this report for othe 
purposes than those for which they are expressly arranged. 

Thrust and Torque.—The following are definitions of standard coefficients o 
thrust and torque :— 

Thrust coefficient :— 

Cy=T /pn*D' = (10° x T x p,/p)/(6.6 x N?D*). 
Torque coefficient :— 

Ce=Q/pn?D° = (10' x x po/p)/ (6.6 x N?D*). 

The following thrust and torque coefficients are also occasionally used :— 

Thrust coefficient :— 

T,.=T /pv?D?=(10° x T x p,/p)/(5.11 x V2D?). 
Torque coefficient 

Q.= Q/pv? =(10* x Q x po/p)/(5.11 x V?D%). 

Power.—The most common power coefficient is :— 

C,p= P/pn*D* =(10!' x h.p. x p,/p)/(2.0x 

The N.A.C.A. has reported many of its test data using another, the speed powe: 
coefficient. This one is particularly useful in choosing airscrews because it does 
not contain diameter. 

This power coefficient is used in this report with a modification to allow a large 
part of the data to be used for either two- or three-blade airscrews. In engineering 
units the formula becomes 

0.638 V/ { (h.p. Po 

When three blades are to be used instead of two, the constant 0.638 may be 
replaced by 0.685. A discussion of the validity of this modification is given 
elsewhere in this paper. 

Propulsive Efficiency.—The information in this paper deals largely with deter- 
mination of propulsive efficiency ; that is, the ratio of effective thrust times velocit) 
of advance to the input power, Tv /P. The effective thrust is defined as the axial 
force on the airscrew shaft minus the increase in drag of the fuselage (or othe: 
slipstream obstruction), due to the slipstream. In many wind tunnel tests the 
effective thrust is measured as the algebraic sum of the resultant force in the wind 
direction on the aeroplane with airscrew operating and the drag of the aeroplane 
at the same free air speed with airscrew removed. The power input to the 
airscrew is obtained from the direct measurement of the torque required to turn 
the airscrew. For a detailed description of the apparatus used by the N.A.C..\. 
for determining propulsive efficiency, see Reference 1. 

English users should take especial note of the fact that slipstream allowances 
are inherent in this method and that, if additional corrections are made, the 
calculated efficiencies will be too low. 

Relations among Coefficients.—The following are presented for convenient 
reference in transforming data from one coefficient to another : 


s 
CJ Cp 
The following are true when applied to data with one engine, or with engines 
of the same piston displacement :— 


(C,,/Cp)t J /J,)=(C, Carr J (V/VJV fp 


Ca QJ* 
Cp=27Cq 
| / 1/5 
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When diameter is constant, as it is throughout any practical problem with one 
airscrew, the right-hand members of the last two equations are the ordinates of 


Fig. 21. 


PERFORMANCE PARAMETERS. 

rhe number of factors affecting the performance of an airscrew is so large that 
they cannot all be taken into account separately. Experience has shown that 
certain groupings of them are for practical purposes sufficient to describe the 
performance of a certain airscrew. The following are the most useful ones. 
Nearly all of them are standard and are therefore dealt with briefly. More detailed 
discussion of the effects of the parameters is given later. 

Operating Conditions.—The most important of the airscrew operating conditions 
(power, air density, air speed and rotative speed) are allowed for in the coefficients 
themselves. Others must be taken into account separately. 

Advance per revolution (function of J).—This one is important because it gives 
a good indication of the angle at which the relative wind is approaching the blade. 

Blade Angle, 6.—The angle setting of a blade element in combination with the 
angle of advance determines the angle of attack at which the element is working. 
The angle of attack of an element controls its lift and drag and therefore its 
thrust and torque. The performance of the whole airscrew can theoretically be 
calculated by integration of the characteristics of the elements over the length of 
the blade. In this analysis, the angle at the three-quarter radius is used as a 
measure of the average pitch. 6 is measured when the airscrew is stationary and 
therefore does not allow directly for the deflection of the blade under load. 

Yaw.—When an aeroplane is climbing, the airscrew is ordinarily operating in 
a yawed condition. The angle of yaw is the angle between the thrust line and 
the direction of the resultant wind stream upon which the whole airscrew is acting. 

Body Interference.—If an airscrew is mounted near a relatively large body, 
the airiow through the airscrew is modified enough to warrant making an 
allowance for the interference between the body and the airscrew. For reasons 
already discussed, use is made of a simple parameter, the ratio of the body 
diameter to the airscrew diameter. 

Scale.—After allowance has been made for the separate effects of aeroplane 
speed, air density and blade shape, size and speed of rotation, there still remain 
two operating conditions which affect performance: tip speed and the usual 
Reynolds number. 

Tip Speed.—The air which flows over a blade sometimes reaches very high 
velocities ; the speed at the tip is a measure of the velocity operating condition of 
the whole airscrew. The form of the reaction of an air stream upon a_ body 
changes abruptly as the air velocity approaches that of the speed of sound in the 
air. It is therefore necessary to apply tip speed corrections to the efficiency and 
power absorption characteristics when the tip speed is near the speed of sound. 

Blade Shape Characteristics.—The diameter of an airscrew and the number of 
blades that it has will obviously influence its performance. Plan form is likewise 
important. Although all airscrews have the same general form, there are in use 
a wide variety of blade shapes. For instance, one airscrew, cut down in various 
ways and by various amounts, produces as many different shapes as there are 
cuts. The effect of these differences upon the performance is taken into account. 

Aerofoil Section.—The two aerofoil sections which are widely used in this 
country on metal airscrews, modifications of the Clark-Y and Raf-6 sections. 
Details are given elsewhere. 

Pitch Distribution.—When a new airscrew is designed, the blade angles at each 
station along the radius are usually fixed so as to make all the elements operate 
at substantially the same angle of attack at an assumed design condition. This 
procedure fixes the airscrew design so that all other operating conditions are 
systematically related to the design condition. It is assumed that the test data 
from which the present analysis was made apply. When any standard pitch 
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distribution is used, blade angle-at the three-quarter radius adequately represent: 
the pitch operating conditions. The validity of and importance of deviation fron 
the assumption are discussed elsewhere, but briefly it may be stated that ther« 
is insuflicient data to make full allowance for variations in pitch distribution. 


Thickness.—TYhe performance characteristics of any aerofoil are affected by 
thickness. Thick aerofoils absorb more power at a given angle of attack (6 an 


J) than thin ones, except at very high blade angles. Also, the effect of thickness 
on efficiency becomes very large at high tip speeds. In this analysis, the thick 
ness (ib) at the three-quarter radius is used as a rough measure of the average 
thickness. 

Aspect Ratio.—The effect of aspect ratio is not separately allowed for in this 
analysis. 

Activity Factor.—The power absorbed by an aerofoil is proportional to its area 
times the cube of the velocity of the air passing over it. In an airscrew, the 
velocity of a blade element, and therefore its power absorption, is a function of 
the distance of the element from the centre of rotation. This fact was not allowed 
for in the old form of blade area function, the ratio of total blade area to disc 
area. It appears advisable to use some blade area parameter which allows for 
the distribution of the area along the radius. 

The activity factor is a non-dimensional function of the plan form, designed to 
express the integrated capacity of the blade elements for absorbing power. 


A.F. =(100,000/i16))(b/D) (r/R)? d (r/R) 


where D=airscrew diameter. 
R=airscrew radius. 
r=radius of any blade element. 
b=blade width at radius 7. 

A.F. is analogous to the expression of the power absorbed by a surface exposed 
to an air stream, where power varies as area times velocity cubed. b (dr) corre- 
sponds to the area and r at a given airscrew r.p.m. to the velocity. The integra- 
tion is carried from the tip only to the radius 20 per cent. from the centre line o! 
the hub, since the magnitude of the function integrated inboard of that radius 
is negligible compared with the total. The shape of the shank will thus have 
no effect upon the magnitude of A.F. 

The value of the activity factor may be found for any airscrew by plotting 
(b/D) (r/R) against r/R. The area under this curve, from r/ =0.2 to r/R = 1.00, 
is then proportional to the activity factor. The constant 100,000/16 is used to 
give the activity factors a convenient magnitude. The integration is carried 
through for one blade only and the effect of number of blades is taken into account 
separately. The .\.F. is of course the same for all geometrically similar blades. 

It is believed that an activity factor was used many years ago, but was discarded 
because at that time the art was insufficiently stabilised to warrant its complexity. 


ILLUSTRATIVE CALCULATIONS. 

Before following through a calculation, it may be advisable to glance at the 
discussion under ‘* Method of Presentation and Use.’’ 

General.—The following pages contain illustrative examples of many of the 
problems that may be handled by the data in this report. Calculations of pro- 
pulsive efficiency at maximum speed in level flight, in a high pitch climb, and in 
take-off with a two-pitch or constant speed airscrew are included, as well as 
examples for static thrust estimation and for the determination of the v/nD for 
zero thrust. 

Part .\ deals with efficiency at cruising speed in level flight. The problem is 
carried out in detail and includes, as incidental to its solution, a calculation ol 
the required blade angle setting for the airscrew. As presented here, the example 
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is somewhat longer than is necessary to obtain a reasonable estimate of efficiency, 


since the blade angle calculation may be omitted without serious result. Thus if 
only the efficiency is desired, items 18 to 23 Inclusive need not be found. 


if the most accurate solution is desired, the blade angle may be found in order 
to learn the angle of attack of the blades. The latter item will be of value in 
figuring the effective tip speed. If the tip speed is known to be too low to have 
any effect on efficiency, the blade angle calculation is not involved in the efficiency 
determination. 

Part B is a short discussion of efficiency under maximum speed conditions. 

Parts C, D and F involve, before efficiency can be obtained, calculations 
concerning the relation between engine speed, aircraft speed and blade angle. 
The work for the three parts is carried through by essentially the same methods. 
It should be pointed out that calculations such as these, although in this case 
made to depend to a certain extent upon Part A, may be treated by themselves 
in the same manner that was used for Part A. Thus when engine speeds, air 
speeds, and engine powers are known, (', may be calculated and the problem 
carried out in the normal manner. It has been found more satisfactory, however, 
to proceed, as indicated in the following examples, by letting some one design 
condition serve as a base case from which to approach the other conditions of 
operation. 

Parts E and G show the method for calculating static thrust. They are 
essentially similar, the two parts showing the different approaches to the problem 
necessitated by two possible sets of known conditions. 

Part H deals with airscrew operation at conditions giving zero thrust. 

The following units are used in the calculations except where otherwise noted: 
Horse-power, r.p.m., m.p.h. and feet. 


Part A (see pages Go-61). 


Part B. 
FULL THROTTLE IN LEVEL FLIGHT. 

For a fixed pitch or two-pitch airscrew this problem can very easily be handled 
by assuming that the r.p.m. are directly proportional to the air speed, i.c. 
assuming constant v/nD. The only change in efficiency is then due to change 
in tip speed, and that effect is readily calculable as shown above. Actually, there 
will be a slight increase in v/nD as the throttle is opened, but if the speed 
variation is not more than about 15 per cent., the discrepancy is negligible in 
most cases (Reference 32). If the primary design condition is maximum speed, 
the cruising efficiency can, of course, be calculated by the reverse of the above 
argument. Results for the new condition could also be obtained by carrying 
through a complete calculation as in Part A. This may be necessary in the case 
of a constant speed airscrew, for which the maximum speed and cruising conditions 
may not occur at the same v/nD. 


Part C (see pages 02-63). 
Hicu Pircu Ciims. 

Before the calculation of propulsive efficiency can be carried through, it is 
necessary to compute the full throttle engine speed at the appropriate climbing 
air speed. Figs. 20 and 21 show the standard method by which this system 
estimates the effect of air speed, altitude, engine torque and change in blade angle 
upon engine speed. The example shown here represents the usual case in which 
the air speed, altitude and engine power curve are given, and the engine r.p.m. 
and airscrew efficiency are required. .\ similar method can be used if any other 
of the variables is the unknown, for instance, air speed can be found for a given 
b.h.p., r.p.m., altitude and blade angle. 
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Part F. 
Two-Pitcn TAKE-OFF AND CLIMB. 


A large variety of cases may be encountered under this heading, depending 
upon the conditions for which the low pitch setting is chosen and upon the condi- 
tions for which it is desired to find the efficiency. The question of engine operation 
is also involved here, since the limits set by the manufacturer must not be exceeded. 
The question of the correlation of controllable airscrews with supercharged engines 
is discussed in Reference 40, but the methods given there are short cuts to the 
complete one given here. For the illustrative example it will be assumed that 
the low pitch setting is for maximum take-off r.p.m. at full throttle at 120 m.p.h. 
at sea level. 

The first step in the problem is the estimation of the blade angle. This is done 
exactly as in Part D, and as the calculation of angle and thrust at take-off 
conditions at 120 m.p.h. have been carried through in that part they will not be 
repeated here. The remainder of the calculation follows exactly that for high 
pitch climb, except that the angle of pitch change is not zero. 

A\s in the constant speed case, static thrust is calculated separately. 

Given: Airscrew as in Part A set for take-off conditions, 
b.h.p./r.p.m./alt./speed (275/1,938/sea level/120). 


(Continued on pages 68 and 69.) 
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Aero- 
s, by Discussion. 
power The CHAIRMAN : Mr. Thomas must be congratulated upon having presented a 
Note most excellent review of present-day airscrew knowledge and the paper was 
especially valuable because it is a straightforward application and avoids as far 
w Me as possible abstruse and involved methods which were difficult to adapt to design 


procedure. The review which Mr. Thomas had given would undoubtedly become 
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a classic for it performed the useful function of showing up the gaps which had 
been found in present-day airscrew knowledge. 

One point which Mr. Thomas had not touched upon was the method of reducing 
airscrew noise and it would be interesting to know whether he felt that noise 
was purely a function of tip speed or whether there was any other solution. 

Another question he would like to mention, although it was not strictly relevant 
to the text of the paper, but which was very near to his own heart, was discussed 
in a paper which had recently been given in America by Mr. Thomas’s co-author, 
entitled ‘‘ Vibration Problems in Aircraft Propeller Designing.’’ In that paper 
Mr. Caldwell stated that ‘‘ The present trend towards very large power planis 
in aircraft will lead to very greatly increased propeller weights if present design 
practice is adhered to.’’ Had Mr. Thomas any methods in view by which this 
difficulty might be overcome? If not, what is likely to be the limit in power 
above which the weight of the airscrew will become an excessive proportion of 
the total power plant weight? Engines of considerably higher powers than now 
in use are being contemplated, and it is vital to know whether airscrew design 
will set a limit to engine size. 

Mr. D. R. Pye (Fellow, Director of Scientific Research): It seemed to him 
that a very useful form of discussion on this paper would be the asking of 
intelligent questions. He himself did not feel competent to ask intelligent ques- 
tions, but he gladly responded to the Chairman’s invitation to open the discussion 
because it gave him the opportunity to express his appreciation of the extra- 
ordinary value of the information which Mr. Thomas had given. He was glad 
to see Mr. Caldwell’s name was associated with the authorship of the paper 
because it enabled an appropriate reference to be made to another paper which 
Mr. Caldwell had recently given at a Lilienthal Gesellschaft meeting in Germany. 
In that paper Mr. Caldwell had given the results of a series of investigations he 
had made in order to forecast the future trend of airscrew design under the 
influence of the constantly increasing horse-power of engines. In his view this 
paper of Mr. Caldwell’s, which had been given in English, combined with Mr. 
Thomas’s paper that evening, provided a quantity of data which deserved the 
closest study by those concerned with propeller design. 

The present paper had emphasised the lack of full-scale data particularly for 
a low value of V/nD. During the first year or more of its operation the 24!t. 
tunnel at the R.A.E. had been almost wholly occupied in dealing with engine 
cooling problems; but in recent months it had been engaged on full-scale airscrew 
research under “‘ take-off ’’ conditions, in which they had the co-operation of 
the de Havilland Company in the manufacture of the airscrews, and the results 
of these tests, he believed, would at least go some way to supply the lack of 
data which had been emphasised. 

At the beginning of the paper the author had referred to the relative place of 
theory and of tests in forming a basis on which the practical engineer relied in 
getting out designs. That question ran through the whole of engineering. It 
might be true that the designer would always rely when he could upon test 
results rather than upon theory; but there were certain directions in which a 
knowledge of theory was essential. In the first place it was necessary in order 
to prevent the application of test data to conditions where they did not apply, 
and in the second place, it enabled anyone laying out a programme of experi- 
ments to plan these economically. Without theory as a background, experiments 
might be mere groping in the dark. 

Finally, Mr. Pye said he wished formally to thank Mr. Thomas on behalf of 


the meeting for what was a quite unique collection of data of great practical | 


value to aeronautical engineers. 

Mr. F. M. Tuomas: He hoped he had not minimised unduly the importance 
of theory. He had meant merely to indicate that its uses to-day in airscrews 
were most suited to research. Of course, it formed a background for the 
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analysis of data. In fact, it would not be possible to carry out tests intelligently 
without a thorough knowledge of the background of the theory. 

He was glad Mr. Pye mentioned the 24ft. tunnel at Farnborough because 
everybody expected great things from it. 

He knew of recent work which is being done by the R.A.E. Although the 
scope of this work was at present limited, one expected that it would be extended 
to cover cases on which data is needed. He mentioned especially the clever 
R..\.E. method of reducing and presenting take-off data and said that it was 
direct and simple to use, but that he was not sure that it would be as susceptible 
to the application of secondary and tertiary correction factors as the method set 
out in the paper. In any event, the 24ft. tunnel offered the greatest opportunity 
for airscrew research. <Airscrew people could not get complete results from the 
N.A.C.A. 20ft. tunnel, because it was just a little too small. He did not know 
of larger tunnels which were not occupied with non-airscrew research, and there- 
fore everybody concerned with airscrew design looked to the R.A.E. 24ft. tunnel 
with great hope. 

Continuing, Mr. Thomas said in reply to Mr. Fedden, he could not deal with 
the question of large horse-power in detail. There was no doubt in his mind 
but that airscrew people could design airscrews to cope with any horse-power. 
The difficulty was to cope with the trends in aeroplane and engine design, 
particularly with high supercharging. He felt quite certain, for instance, that 
5,000 h.p. could be taken care of provided speeds much above 500 miles an hour 
were not attempted. If aeroplane speeds kept pace with engine powers, increases 
in power would not result in jarge changes in airscrew diameter and the design 
problem would be simple. If, however, increased powers were used without 
increases in air speed, the airscrew diameters would go up roughly as the square 
root of the power. In either case, the problem becomes serious at very high 
powers or very high speeds. It would be the aeroplane speed limitation which 
caused the most serious trouble at 500 miles an hour. Already under certain 
conditions of the aeroplane, we were bordering on tip speed and on compressi- 
bility losses and that might make the airscrew problem extremely difficult. He 
would like at some time to make a study of the limits of airscrew propulsion in 
order to see if it were possible to ascertain where the airscrew must leave off 
and jet propulsion come in. 

So far as the vibration problem was concerned, he would like to pass over 
that very quickly and simply say that it was extremely important to study the 
vibrations set up in airscrews and there was one fact which made that quite 
clear; the vibration stresses which had already been measured were a very large 
proportion of the calculated steady stresses. They were of the order of 7o per 
cent. near the root and several hundred per cent. near the tips, and might even 
be larger. The position at the present time was that an airscrew had to be made 
strong enough to cope with the unknown vibration stresses, and therefore the 
first thing to do was to learn what the vibration stresses were. The only way 
to do that accurately was to measure them. 

Noise was also a very important question, but the only place in the paper 
where the authors had come anywhere near talking about it, was in regard to 
tip speed correction where the tip speed was considered as a ratio to the speed 
of sound, and this was done because both sound and loss in efficiency were 
compressibility phenomena. Noise seemed thus to be a link between the two 
and the theory indicated that this might be so. Therefore, when the correction 
factor came into the dimensional equation, it was carried on to the test work. 
As to what caused noise, he fancied the R.A.E. had made the best analysis on 
this subject and they had established that blade width and power absorption from 
the blades were variables which must be taken into account. This work of the 
R..\.E., however, was only a preliminary survey of the possibilities of analysing 
the problem more thoroughly some day. 
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(Since the above, N.A.C.A. Technical Note 605 on this subject has become 
available. This Note and its bibliography comprise the best reference work on 
the subject.) 

The above Note on the limitations of airscrews was based on an assumption 
of constant tip speed, and therefore on a nearly constant noise level. 

He recognised that eventually increases in engine power and aeroplane specd 
would impose limitations which would be felt in either airscrew  efficienc) 
diameter or weight. He did not think that the weight factor was likely to be 
an actual limit, however. This point appeared from study of a type of variabie 
pitch airscrew now in wide use. Over the whole range of engine powers froin 
200 to 2,000 b.h.p. the airscrew weights ranged close around 0.3 pounds per 
b.h.p., and he thought that, if current design relationships were maintained 
this ratio would hold for some time to come and might be upset first by large 
increases in operating altitudes. 

Captain F. S. Barnwe.i (Fellow, Bristo! Aeroplane Co.): The Society was 
very fortunate in getting Mr. Thomas to give this paper, for it gave the resul! 
of an immense amount of valuable work which obviously had been carried ou 
in a way that ensured reliability. Moreover, the information had been presented 
in a manner which made it directly applicable by engineers in airscrew design. 

The paper was of very great interest to him personally because he had been 
directly concerned in the design of airscrews for many years; during those years 
he had evolved laboriously his own methods of design, for much the same reason 
and with the same aims that Mr. Thomas had evolved his. He had not had 
time to check the results obtained by his method with those which Mr. Thomas 
had given, but certainly would do so and hoped the answers would be much 
the same. On the few occasions Mr. Thomas and he had swopped figures they 
had not seriously disagreed. Particularly did he hope that the results obtained 
by the two methods would check up (for the same cases, of course), because the 
new Rotol Airscrew Co. started at least with methods for design of blades 
evolved by himself. If the results given by Mr. Thomas’s method and by his 
own checked up, he would feel much more confident that he had given the Rotol 
Co. sound advice. If they did not check up, then he would feel worried about 
his own methods and would probably modify them after arguing the matter with 
Mr. Thomas. 


Continuing, Captain Barnwell said he must ask forgiveness for talking so 
much about his own methods when he should be talking about Mr. Thomas's 
methods, also for saying ‘‘ my own ’’ methods; they were his own in that he 
had evolved and developed routines, tables of constants, etc., but naturally he 
was indebted for all basic data to the N.P.L., the R.A.E., the N.A.C.A., and 
to such flight tests as provided data in sufficient amount and of sufficient accuracy. 
He should state, however, that his own methods included the use of a ‘“‘ stan- 
dard ’’ form of blade of standard geometrical proportions and this procedure 
seemed to him to reduce considerably the parameters. This form of blade was 
adopted by the Rotol Co. for the present. It had a section which was _ near|; 
‘“ Clark Y ”’ for the greater length of the blade, but was faired to an N.A.C..\. 
high speed section, at the tip; this latter section appearing to be relatively 
extremely efficient at very high speeds. He mentioned this because he would 
like to hear Mr. Thomas’s views upon standardisation of blade shape and upon 
the use of a special high speed type of section for the blade tips. 


y 


There was so much in the paper that the hurried reading he had been able to 
give it did not justify his offering any serious comments, but there were two 
or three points he would like to raise. He noted the novel method of altering 
the actual value of the tip speed to some other ‘‘ equivalent ’’ value to allow for 
alteration of other parameters. If he might say so, this did not seem to him 
quite a logical procedure. He would like to know whether it led to appreciable 
simplification of methods; he did not see why it should do so. 
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As regards efficiency, Mr. Thomas quoted only what he himself called ‘‘ nett 
efliciency,’’ t.¢., airscrew thrust minus increment of drag due to slipstream, 
muitiplied by speed and divided by power given. It appeared, therefore, that 
Mr. [Thomas included in his value for efficiency some value dependent upon the 
drag of the body behind the screw. Personally, he assumed the airscrew 
efficiency as not appreciably affected by a body behind it, although the power 
the airscrew absorbed was thereby affected. He attempted therefore to estimate 
the alteration of power absorbed due to presence of body and then to estimate 
the increment of drag of the body due to the slipstream, this increment being 
assumed as a linear function of airscrew thrust and of drag coeflicient of body. 
This seemed to him a rather more logical procedure than, so to speak, permanently 
to include slipstream drag in the expression for efficiency. However, he might 
have misinterpreted the paper owing to his hasty reading of it. 

Finally, Captain Barnwell asked Mr. Thomas’s opinion of the classic ‘‘ J,’’ 
advance per rev. divided by diameter. Personally, he thought that the substitu- 
tion of advance per rev. over pitch gave results which were better for com- 
parison and for tabulation. It was true that diameter and revs. were definite 
things whilst pitch very often was not, but that merely meant that the pitch 
must be logically defined. He suggested considering the geometric face pitch 
at 0.75 radius as the “ pitch.’’ 

Mr. F. M. Tuomas: He remembered that when he came to England abou 
three years ago he went to see Captain Barnwell at Bristol and discussed there 
the very things which were still being argued; and he also remembered that the 
pleasure which he got from these conversations was one of his first reasons for 
liking to work in England. 

\s to the question of how Captain Barnwell’s method would check up with his 
own method, there had on several occasions been a very close check and he did 
nol know of any occasion when there had been any wide difference. The method 
described in the paper had been made use of for three years after it was com- 
pleted and it had been kept up to date. The reason for holding it so long was 
that they did not want to run the risk of Captain Barnwell not checking it. 
Now they had flight tests with Handley Page, Short Bros., and other machines, 
as well as aeroplane performance calculations, and they had sufficient confidence 
in the method to recommend its use. 

\ standard blade was the dream of the airscrew designer, but commercial 
requirements seem to prohibit its use. It would be most useful for research 
on blade section, thickness and pitch distribution. It was not impossible to get 
this standardisation ; if, however, there were a standard blade, somebody would 
come along with a structural problem or a design whimsy and demand depar- 
ture from the standard. The upshot of all this was that he did not think it 
possible to have a standard blade and at present, at all events, it would be most 
useful only for research in the wind tunnel. Nevertheless, he would welcome 
discussion on what a standard airscrew should be. 

lt was quite right of Captain Barnwell to criticise the method of using effective 
tip speed in the paper. It was really a trick of analysing data. Actually what 
should be done was not to apply a correction to tip speed for thickness but to 
use the actual tip speed on a series of charts for different thicknesses; but by 
applying corrections to the tip speed the authors avoided making a series of 
charts. That trick had been used by himself and his co-authors several times 
in the paper, but to the extent he had mentioned it was theoretically unsound. 
It was not a serious matter, but if a great deal of new data became available 
he would certainly look into it and see if it was advisable to make a new analysis. 
It might not be possible with new data, but it was possible with existing data. 

He also agreed with Captain Barnwell that something should be done to 
analyse the effect of the airscrew upon the drag of the aeroplane. Personally, 
he had made many attempts to get an equation that would handle that properly, 
but had not been able to do so. It was possible to get an equation that would 
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look all right in theory, but when one came to check it against available data 
serious disagreement was found. Fig. 32 related to six aeroplane bodies, each 
one with a different drag and each one fitted with the same airscrew. These 
had all been reduced to a purely pragmatic arbitrary basis and they appeared 
to be incapable of analysis. The ones that should be up were down and so o 
It was things like this which had discouraged him from trying to get a theory 
to fit it. Moreover, the main reason why he did not was that 90 per cent. of 
the full-scale data was on one airscrew and one fuselage. In such conditions as 
that the easiest thing to do was not to try to take the effect out, but to leave it 
there and to relate other cases to it. However, he sincerely hoped that someone 
would get down to an accurate analysis of body interference effects and he 
regarded that as one of the main things which needed to be done. 

He thought that the use of advance per revolution divided by pitch might 
prove a better parameter than J because it would probably reduce the size of the 
sheets on which the data can be plotted; however, it seems to introduce com- 
plications due to mixing airscrew operating conditions with blade shape 
characteristics. 

Dr. H. C. Watts (Fellow): The paper had been in his hands for only two 
days, but he had read enough and heard enough to be able sincerely to add his 
thanks and congratulations to all the authors for a paper which would be of 
great value, not so much to the airscrew designer as to the aircraft designer, 
who, not wishing to become a specialist, must perforce deal with airscrew work 
in his performance computations. The accuracy of the methods outlined in the 
paper he would not presume to question in so far as they referred to blade 
dimensions and settings as they must have been checked and re-checked by a 
very wide experience. The accuracy of any method of computing torque 
coefficients, and therefore blade dimensions and settings was proved beyond 
challenge by the way the airscrew ran correctly at the pre-determined rate of 
rotation, but the accuracy of the efficiency computations was a much more open 
question. Only the aircraft designer could say whether they were right or 
wrong and even then only if his own aircraft resistance computations were 
beyond question. He, therefore, endorsed the opinion which Mr. Thomas 
expressed that a hub dynamometer recording both thrust and torque was one of 
the most needed research tools in aeronautics. 

The figures for efficiency given in the paper seemed to him, at first sight, to 
be on the high side, particularly as they were propulsive efficiencies. He sus- 
pected that aircraft resistance computations were almost unconsciously adapted 
and adjusted to airscrew efficiency estimations to give in general the correct 
aeroplane performance. Therefore, he urged caution in using any new method 
of estimating propeller efficiencies in conjunction with old methods of estimating 
aeroplane resistance. Perhaps he might recall the Biblical injunction that new 
wine should not be put into old bottles. 

In the first few paragraphs of the paper, however, there was matter for pro- 
found and fundamental disagreement. The dismissal of the value of airscrew 
theory, and computations based thereon, was too sweeping and too inaccurate 
to pass unchallenged. If he did not know otherwise he might suspect from 
reading the paragraph on Airscrew Theories, and the paragraph on Aspect Ratio 
later, that they were written by someone who unfortunately had no access to 
material later than the year 192c. He held no brief for theories as such. He 
had only use for theories provided they led him to accurate results. He there- 
fore bore testimony to—and in so doing he was glad to honour the memory of 
the late Mr. H. Glauert—the amazing accuracy of his vortex theory of airscrews, 
in estimating correctly the torque coefficient of the airscrew, and if it estimated 
that correctly it was likely to estimate the efficiency of thrust equally correctly. 

His own methods—and he wished to make the same apology as Captain 
Barnwell had made for speaking personally—-were based almost entirely on this 
vortex theory, although, of course, he did not pretend that every design or 
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performance calculation was worked out in detail by this blade element theory. 
As Captain Barnwell had said, every designer had a set of curves, charts, 
nomograms, etc., similar to those given in the paper, but he wished to emphasise 
this fundamental difference. Those given in the paper were based on the 
relatively sure ground of the full-scale tests plus model tests with some check 
from theory, whilst his own were at the opposite extreme in that they were based 
on thrust and torque curves estimated from Glauert’s vortex theory, and only 
to a slight extent corrected from full-scale flight tests. He hoped it would be 
possible for his colleague, Mr. Lynam, to have an opportunity to speak later in 
the discussion, for he would be able to give computations on the same propeller 
based on the two methods, the one largely on theory and the other largely on 
full-scale tests. As Mr. Thomas had said, the number of variables in the 
airscrew problem was so great that one became appalled at the expenditure of 
time, money, equipment and staff, if they must all be solved by tests and tests 
alone. The work would be vastly reduced if a reliable airscrew theory existed, 
which could serve as the means for solving many of the problems and _ for 
planning such testing as was essential. 

More information was wanted on the behaviour of both the aerofoil and 
airscrews operating near or even over the speed of sound. More information 
was wanted with regard to airscrews and the aerofoil near and in the stalled 
region and more information was wanted on the effect of spinners and body 
interference. All this required experimental tests, full-scale and otherwise. 
The amount of work to be done was so great that there was all the more reason 
for not lightly dismissing the help of proved theory. As he looked back at the 
tremendous amount of full-scale work which had been carried out he was filled 
with the most intense admiration, but at the same time he could not help seeing 
the imaginary picture of the burning down of a house to roast a pig. He would 
be the first to admit that the results of the roast were excellent, that the eating 
of the pig was delicious and, he had every intention of obtaining a very full 
share of the excellent dish which had been served up that evening by Mr. Thomas, 
but he sat down with a feeling that much of the work could have been done and 
had been done by others in a less dramatic and more simple manner. 

Mr. F. M. Tomas: In the preparation of this paper he went to the Royal 
Aeronautical Society’s library and re-read the paper which Major Low had read 
in 1923 in which was summarised the work of Lanchester, Prandtl, Glauert and 
others, and he could not help feeling as he read that paper that he wished he 
could do as well; because there was a certain depth of feeling behind the theoretical 
conception which the mere reduction of data could never make one feel. 

Continuing, Mr. Thomas said he would emphasise the warning given by Dr. 
Watts to aeroplane calculators and designers not to use their old methods of 
performance estimation and then apply efficiencies obtained by new methods 
with careful back checking with flight test results. 

Finally, he thanked Dr. Watts for ioining with him in the hope that a real hub 
dynamometer would be available for measuring thrust and torque, because it 
was needed very much. 

He had made every etfort to keep pace with airscrew literature, especially 
that published since 1920. If the conclusions which he had noted on airscrew 
theory and aspect ratio were too sweeping, he regretted that the inaccuracies 
had not been specifically recorded; because without further information he was 
forced to let those statements stand as his considered opinions. 

He likewise regretted that he had not, prior to undertaking a labour of the 
magnitude of the present paper, been aware that, as Dr. Watts had stated, the 
work had been done by others. He knew of numerous partial analyses that had 
been done very simply indeed, but he was still unaware of a similar work of 
anything like the present degree of thoroughness. 

Dr. Watts had alluded to the amazing accuracy of the vortex theory. The 
most thorough published method of using the vortex theory of which Mr. Thomas 
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knew was R. and M. 1674.- There, theory had checked model tests with 
accuracies of about 5 per cent. on thrust and torque and 2 per cent. on peak 
efficiency. Now, while his main criticism of pure theory was one of time required 
to make calculations rather than accuracy of the results, Mr. Thomas did not 
think that accuracy of this degree was amazing. He expected better results from 
the method given in the paper. 

Mr. A. GovucE (Fellow): He was not in any way competent to criticise this 
valuable paper arid he had come to the meeting to listen to the paper and io 
ofier his thanks to Mr. Thomas for the help that he had received from him 
during the past two or three years. During that time he had only been too 
pleased to pass over to Mr. Thomas the problems he had come up against in 
airscrew design. 

It is probable that the results obtained in the past have not been too bad, but 
in the case of the ‘‘ Empire ’’ boat the airscrews were entirely Mr. Thomas's 
design, and as the actual performance of this aircraft was much better than 
had been anticipated he was sure that a great deal of the credit was due to Mr. 
Thomas. 

Continuing, Mr. Gouge said he would like to endorse Mr. Thomas’s remarks 
with regard to research at low forward speeds. In his opinion this was one 
point in research which had been rather neglected as there always seems to be a 
doubt regarding the amount of take-off thrust that can be obtained. He could 
not help feeling that present day aircraft as well as aircraft of the immediate 
future were in some ways being prejudiced because of this lack of research.  [n 
this connection he enquired of Mr. Thomas if he was of the opinion that a large 
expenditure of money on research into take-off would be likely to justify itself. 
Was it possible, for instance, to anticipate an increase in the take-off thrust of 
100 per cent. or was the increase likely to be limited to about 10 per cent. ? 

Although the Chairman had remarked that the question of the weight of 
airscrews now in use was rather outside the scope of this paper, it was a fact 
that this aspect was likely to assume serious proportions in view of the much 
greater engine powers which were apparently to be used in the future. He 
would, therefore, like Mr. Thomas’s views as to whether there was likely to be 
a possibility of some reduction in airscrew weight in order that full advantage 
may be taken of increased power. 

Mr. F. M. Tuomas: He thought there would be reductions in airscrew weight. 
It was possible that magnesium would be used instead of duralumin and that at 
once offered a possibility of weight reduction of about one-quarter of the existing 
weight. An even more important point was, as he had previously mentioned, 
the unknowns in airscrew stresses. If, for instance, vibration could be largely 
eliminated the weight of the airscrew could be reduced immediately and_ he 
believed that by patient study this would be brought about. 

With regard to the question of whether very large increases in take-off thrust 
would be obtained by a large expenditure on research of take-off conditions, he 
did not think this could be expected immediately. Airscrew designers were 
satisfied they were working on the right lines in making a constant speed 
airscrew and the engine people believed they were working on the right lines 
when they talked of designing a two-speed gear for take-off. But there did not 
seem to be any very large increase to be expected from changes in blade shape, 
and that was what the research was aiming at. It was, however, very difficult 
to predict a thing like that because research did not usually disclose a startling 
improvement of that type; it merely set people thinking and there was no telling 
where new thoughts might lead. He did not think that systematic full-scale 
research on blade shape would be justified if only because it would enable more 
accurate prediction of what thrust would be obtained in any particular case. 

Mr. F. C. Lynam (Associate Fellow): Following Dr. Watts’s remarks con- 
cerning theory as opposed to full-scale test data, he said it would of course be 
appreciated that each designer had his own ‘ pet ’’ method. The method of 
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design used by his firm was based entirely upon calculations and comprised a 
modified form of blade element theory using aerofoil data corrected for infinite 
aspect ratio. This theory had given amazingly consistent results and had been 
successfully applied to something like 2,000 airscrews. 

In the present paper Mr. Thomas had included certain illustrative examples 
based upon the method outlined. As a matter of interest he himself had worked, 
as jar as possible, the same examples using the above theory. He had taken 
the same propeller as used for the example on page 60 onwards and obtained 
settings, efficiencies and thrusts. 

This was the comparison :— 

Page 66. Static thrust, 1,325lbs. against 1,300 by Mr. Thomas. 

Page 65. Climbing at 80 m.p.h., thrust 883lbs. against 915 by Mr. Thomas. 
Setting, 15.2° against 14.9° by Mr. Thomas. 

Page 63. High pitch climb efficiency, 82 per cent. against 83 per cent. by 
Mr. Thomas. 

Page 61. Cruising setting, 28.6° against 28.9° by Mr. Thomas. Efficiency, 
83 per cent. against 88.4 per cent. by Mr. Thomas. 

Page 71. Zero thrust r.p.m., 1,020 against 1,010 by Mr. Thomas. 

It would be seen that the agreement on setting only differed by less than twenty 
minutes. As Dr. Watts had pointed out the thrust and efficiencies given by 
Mr. Thomas all tended to be higher particularly for the cruising condition, where 
he recorded 88.4 per cent. against the estimation of 83 per cent. by Dr. Watts 
and himself. For a pitch diameter ratio of 1.25 a propulsive efficiency of 
88.4 per cent. was remarkable although it checked with the latest N.A.C.A. 
Report No. 594. 

The results of the 2oft. wind tunnel were in his opinion not representative of 
full-scale flight as they were carried out at air speeds of about roo miles per hour. 
Present day metal blades having a fairly long ineffective root of circular section 
must set up a large resistance at speeds of the order of 300 m.p.h. and the 
efficiency must be impaired. 

Regarding pitch distribution he had found that for best take-off it was desirable 
to ensure that as far as possible all sections of the blade stalled at the same time. 
To carry this to the limit further aerofoil data was required near the stalled 
region. 

Mr. F. M. Tuomas: Whilst the efficiencies and thrusts given in the paper 
tended to be higher than those mentioned by Mr. Lynam, the difference was not 
serious. The only question seemed to him was whether the method in the paper 
took longer than the method adopted by Mr. Lynam. 

The agreement was, excepting for the efficiencies which were later discussed, 
amazing :—Static thrust, 1.9 per cent.; pitch settings, 0.3 degrees; and r.p.m. 
for zero thrust, 1.0 per cent. It was interesting that the difference in take-off 
thrust, while only 3.5 per cent., was by the method of the paper in such a 
direction as to stimulate research on variable pitch airscrews. 

In regard to the aerofoil sections used at the blade roots of some metal 
airscrews, Mr. Thomas interpreted Mr. Lock’s work as showing that all air- 
screws at present being designed for high speed aeroplanes did not suffer from 
compressibility waves and therefore were not unduly inefficient at high speeds. 

Mr. C. N. H. Lock (Fellow): Supporting Dr. Watts in his views with regard 
to airscrew theories against the views expressed by Mr. Thomas, he suggested 
that Mr. Thomas had put his views in the opposite direction with special vigour 
in order to provoke discussion. In his own view, said Mr. Lock, airscrew 
theory, instead of getting further and further away from practice in the last 
ten vears, had been approaching very much closer to it. Although the changes 
from Glauert’s original vortex theory had been slight, there had been a con- 
siderable advance in the simplicity of the methods of applying it and the result 
now appeared to be that they were getting very near to the stage at which 
practical formule for airscrews could be calculated directly from theory in all 
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cases. They were approaching the time when it would be possible to determine 
what might be described as lift and drag coefficients of an airscrew blade which 
were independent of the pitch ratio, the number of blades and the blade width, 
the last factor being equivalent to what Mr. Thomas describes as the activity 
factor. As far as these factors or variations were concerned, theory was capable 
of accounting for them and therefore they were left with these lift and drag 
coefficients which were dependent only on the tip speed and on the blade shape 
and thickness. It seemed to him that this led to very great simplification in 
view of the large number of variables which existed, and although he had no 
doubt that Mr. Thomas’s practical methods were the best possible, his resulis 
would have been very much more easily understood if he had called in the aid 
of theory. It seemed to him that the methods employed in obtaining the resulis 
set out in the paper, resembling groping in a fog, but that if Mr. Thomas had 
taken advantage of theory, he would have arrived at very similar results, but 
he would have been walking in daylight. If such calculations had to be done 
again, the theoretical method would be a tremendous help, and more especially 
was it essential when it was necessary to go beyond the limits of existing 
experiments. It was possible to extrapolate in various directions with very 
much greater confidence with the aid of theory. In this connection he noticed 
that Mr. Thomas had apparently been quite unable to make any use of the resulis 
obtained in the American high speed tunnel, although the main object of those 
experiments was their application to high tip speed airscrews. 

In spite of all this, however, concluded Mr. Lock, the paper was of immense 
interest and he hoped to spend many interesting hours trying to digest the whole 
of it. At the same time, he hoped that some day it would be possible to translate 
it all into a reliable airscrew theory and in that way to discover more definitely 
how far the various corrections could be applied to the whole range of airscrew 
performance. 

Mr. Tuomas: He paid tribute to the work of Mr. Lock as recorded in 
References 27, 28, 30, 31, 32, 33 and 34: 

He pointed out that where possible theory had been used in all the extrapola- 
tions given in the paper. For instance, the authors had used the results obtained 
in the American high speed wind tunnel (Ref. 2). As discussed in the paper, 
however, the theory interpreted the aerofoil tests as giving erratic airscrew 
conclusions, and therefore greater weight was given to the airscrew results of 
Ref. 8. 

Dr. H. C. Warts (Fellow): Mr. ‘Thomas had emphasised in the paper the 
enormous time that the use of theoretical methods took. The answers which 
Mr. Lynam had given that evening were completely worked out in twenty 
minutes. 

Mr. Tuomas: His previous mention of the best published method of making 
calculations according to theory was R. and M. 1674. His experience had 
been that this method took, not a few minutes, but many hours to calculate a 
complete case. It was true that an approximate method had been put forward 
in Ref. 33; but this report assumes that the whole airscrew is represented by 
the 0.7 R. station and refers you to R. and M. 1674 for accurate calculations. 
Now, if Dr. Watts and his associates had succeeded in reducing the many hours 
to a few minutes without sacrificing the basic generality of the vortex theory, 
Mr. Thomas could only express admiration and a hope that the work would 
soon be published for the benefit of the industry. 

Dr. G. V. Lacnmann (Fellow): As an aircraft designer he wished to thank 
Mr. Thomas for the work he had done. He had asked Mr. Thomas several 
times during the last few years for the results of his work on airscrews, and now 
looking at the paper his feelings were a little mixed. Nobody admired more 
than he did the thoroughness with which the work had been done, but he was a 
little shocked at Mr. Thomas’s remarks as to his work being of a low-brow 
order! Surely Mr. Thomas had spoken with his tongue in his cheek, because 
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if he did not know that Mr. Thomas had a thorough knowledge of the theory 
of airscrews he would think that this work could not easily be applied. Theory 
was very essential to analysing and classifying theoretical results and he was 
very grateful that Dr. Watts and Mr. Lock had taken up the challenge which 
Mr. Thomas had so boldly put before them. 

{here was one practical point. If these curves were to be used by the practical 
calculator, the scale was not quite clear. It would be very difficult to extrapolate 
from the curves in the paper and he was wondering whether it would be possible 
for the diagrams to be reproduced on a larger scale in order that the aircraft 
industry could make the fullest possible use of Mr. Thomas’s work. 

Mr. F. M. Tuomas: There was no intention of concealing data and, if it 
was felt that the scale as given on the curves was not large enough, he would 
be pleased to give a copy of the original curves, most of which were two or 
three times the scale, with the cross-sections marked on them. It would not be 
possible to do that in every case, but Handley Page’s carried out so many 
calculations generally and so many on airscrews, to which the paper directly 
related, that it would be to their mutual advantage to do as he had suggested. 

He noted that he himself had not referred to the work as low-brow; he had 
merely hinted that casual readers might gain a first impression that it was so. 
His hint was intended as a warning rather than as a confession and he hoped it 
would not be misunderstood. 

Mr. H. Bateman (Associate Fellow): He had been examining Case A, given 
towards the end of the paper, and found that the body/airscrew diameter ratio 
was 0.33. He then looked up Fig. 17 and reduced the body diameter to 0.1 of 
the airscrew diameter and found in that case the efficiency went up to 91 per cent. 
The screw had a blade angle of about 28 deg. which corresponded roughly to a 
pitch diameter ratio of 1.25. If one considered a really high pitch screw it 
would probably be possible to add another 2 per cent. to that efficiency which 
brought it into the region of 93 per cent. Efficiencies as high as this on air- 
screws with V.P. roots are very doubtful, however, and he thought that one 
of the troubles was body interference correction. Fig. 17 was based on the 
mean of a few American and N.P.L. results. The American data referred to 
uncowled air-cooled engines—and Mr. Thomas stated in the paper that this data 
showed the greatest effect—whilst the N.P.L. data referred to quite a reasonable 
aerodynamic shape. It was also well known that with a bad aerodynamic shape 
behind the airscrew, such as an uncowled air-cooled engine, propulsive efficiencies 
of 100 per cent. are not impossible. It seemed to him, therefore, that in dealing 
with high speed aeroplanes with a fuselage having a very good aerodynamic 
shape that the propulsive efficiencies and the corrections for body interference 
as given in the paper would be too high. 

Continuing, Mr. Bateman said there were two other points he would like to 
mention. One was that a large number of the curves in the paper were based 
on the J of maximum efficiency. This is quite satisfactory up to a J of about 
1.0, but in the case of a J of 1.8 or 2.5 it was found that a J maximum was a 
very indeterminate thing and he did not know how that was going to affect the 
various curves given in the paper when applied to high pitch screws. 

Further, in Figs. 22 and 23--which again had this difficulty about the J 
maximum—there were curves showing the effect on propulsive efficiency of the 
variation of V/nD for a constant blade angle up to J 1.0. He had tried to plot 
on these curves some results for values of J up to 1.8 and found that they did 
not follow in sequence the points up to 1.0. This confirmed the view expressed 
by Mr. Thomas that it was necessary to be careful in interpreting and extra- 
polating the results given in airscrew papers. 

Mr. Tuomas (communicated): He agreed with Mr. Bateman on the un- 
certainty of the body interference correction and referred him to pages 36 and 37 
of the paper for a discussion of the authors’ views. 
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a) 
— 


Mr. Bateman seemed to think, because it was possible to estimate an airscrey 
efficiency as high as 91 per cent. for a typical metal blade variable pitch airscrew 
that the method was open to suspicion. As a matter of fact Reference 34, in 
which Mr. Bateman was co-author, showed in the paper the results of several 
tests which yielded efficiencies of over 90 per cent. and one efficiency of ove: 
93 per cent. While the difference between these models and full-scale are con- 
siderable, the test results show that it is reasonable to expect high efficiencies 
in certain cases. Actually Reference 46 reports full-scale tests on several typical 
metal-bladed airscrews of the type under discussion, and under certain conditions 
efficiencies of these airscrews were found to be over gi per cent. The g1 per 
cent. which Mr. Bateman questions is on a two-bladed airscrew with a negligib! 
small body behind it, whereas the N.A.C.A. actual tests were on a three-bladed 
airscrew with a full size body on which was mounted a cowled radial air-cooled 
engine. 

In reply to Mr. Bateman’s other question, Mr. Thomas thought that the 
indeterminateness which Mr. Bateman pointed out indicated that precise accuracy 
in this region was not necessary. Beyond this, however, the indeterminateness 
is evident only when methods other than that given in the paper are used, because 
this method is precise in that regard. 

Mr. M. LanGtry (Member): Although a great deal of the discussion had 
turned on the relationship of theory to practice, as an aircraft designer he did 
not care a ‘* hoot ’’ whether the curves in the paper were arrived at by theory 
or by practice, or whether they came to Mr. Thomas in a dream, so long as they 
were right. Since Mr. Thomas first came to this country he had developed a 
very great liking for him, and whenever he had been working on a new design 
he had rung him up for a solution of the airscrew problem. When he first saw 
this paper he had thought that these telephone calls to Stag Lane would cease, 
but they would be kept alive by the complete absence of any weight data in 
the paper. Was it too much to ask for a little more? 

Mr. Tuomas: It was nearly as difficult to express the weight as the efficiency 
of a variable pitch propeller analytically. At present the work had not been 
done. It would for some time be easier to use the telephone than charts. 

Mr. R. M. Ciarkson {De Havilland Aircraft Co.) (communicated): For the 
past 18 months he had made frequent use of Mr. Thomas’s method of airscrew 
performance analysis, during which time he had applied it to the solution of 
almost every problem connected with airscrew performance. He had_ been 
amazed, firstly, at the thoroughness with which every scrap of available informa- 
tion bearing on the subject has been utilised intelligently in the compilation of 
the data—it must have been a prodigious labour; secondly, at the extremely 
practical and convenient form in which the information is presented for rapid 
routine calculation; and thirdly, at the comprehensive way in which the effects 
of all performance parameters are included in the analysis; and he would like, 
as one who has had some experience of the manipulation of the method to take 
this opportunity of congratulating Mr. Thomas and his collaborators on their 
work, and Mr. Thomas, in particular, on the able way in which he has presented 
a difficult subject. 

The work has been criticised as being inaccurate and open to doubt, but any 
method of analysis involving the use of general curves and correction factors is 
capable of misuse unless the user exercises due judgment and intelligence in its 
manipulation. 

They had recently at Hatfield been conducting some take-off tests with various 
engine-airscrew conditions, the results of which afford a check on Mr. Thomas's 
airscrew analysis in the take-off régime. Although the reduction of these tests 
is not yet completed, the indications are that they will check up fairly satisfac- 
torily with his predictions. 

In criticism, he would like, firstly, to ask if the calculation of airscrew per- 
formance in the take-off régime could not be simplified, the present method of 
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working down from the climbing condition is rather laborious particularly when 
one is, as frequently occurs, examining the take-off capabilities of a number of 
engine-airscrew projects and is not particularly interested in the performance at 
higher forward speeds. The method adopted by the R.A.E. in Report BA. 1416 
is excellent from this point of view. 

Secondly, he felt that propulsive efficiency is a dangerous and_ uncertain 
quantity to deal with; and would it not be better to speak in terms of the efficiency 
of the blades alone in free air and only introduce body correction factors in 
so far as they affect power absorption and blade angle, leaving the estimation 
of nacelle drag, etc., to the aircraft performance calculators? There is much 
that they still did not know about airscrew-body interference. 

He considered that static thrust is another misleading quantity—it is of 
secondary importance to the take-off run (particularly for landplanes), it does not 
necessarily bear any relation to the mean take-otf thrust, and its estimation is 
of doubtful accuracy. The thrust at, say, 50 m.p.h. is surely a much better index 
of an airscrew’s take-off capabilities. 

finally, he would like to endorse Mr. Thomas’s plea for more research, 
particularly in connection with blade thickness (very thick sections), pitch dis- 
tribution, and performance at low V/nD. 

Mr. Tomas: He agreed with all of the above criticisms of the method printed 
in the paper. The R.A.E. way of reducing take-off thrusts seemed excellent, 
but it would have to be modified a great deal before it would take into account 
a sufficient number of variables. The body interference correction question has 
been discussed ahove. When the method was first developed, static thrust was 
used because of the ease with which the mathematical manipulations can be 
carried out. Recently, however, thrust at various air speeds has been taken as 
the criterion and modifications to the method to simplify the calculation for this 
condition have been made. 

Mr. F. Rapcutrre (Associate Fellow, communicated): Would the lecturer 
kindly give reliable formule for the estimation of the diameter of two- and three- 
blade V.P. airscrews for use in preliminary design work? From the writer’s 
experience, it would appear that the normal V.P. airscrews are larger than would 
be the case if the ordinary formule for the calculation of fixed pitch airscrews 
are used. From a limited knowledge of using the data in the paper, it did not 
appear clear to the writer, how one could determine the diameter of a V.P. 
airscrew without going into detailed calculations. 

lurther, use is made in the paper of the term ‘‘ activity factor.’ This appears 
a very valuable criteria, but could the lecturer point out how this item can be 
utilised without pre-supposing a full knowledge of the actual airscrew? In other 
words, how can the designer make use of it in his unknown airscrew ? 

Mr. Tnomas: The satisfactory determination of diameter cannot usually be 
made without going into detailed calculations. In cases where accurate results 
are not required and where it is sufficient to have a rough guide, the following 
equation may be used :— 


D=k (b-h.p. 


The constant in the equation, i, should be taken to be 333 for two-blade 
airscrews and 304 for three-blade airscrews in the average case. 

The equation is, of course, based upon the data in the paper. It applies to 
Clark section propellers which are fairly wide and of normal plan form and of 
medium thickness, that is, an activity factor of 80 and a thickness at the three- 
quarter station of 0.075. For Raf section aerofoils, diameters will generally 
be about 5 per cent. smaller for equivalent choices in design. An 8 per cent. 
change in activity factor will cause about 1 per cent. change in the above diameter. 

Choice of optimum airscrew depends upon the requirements of the particular 
engine and especially aircraft with which the airscrew is to be used. Therefore 
the above equation gives only a rough guide. We generally find it expedient to 
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use diameters as much as 1o per cent. larger or smaller than the above in case 
where take-off is of great or little importance. 


Si 


In regard to Mr. Radcliffe’s other question, it should be admitted that we 


know of no method of uniquely determining the plan form of an airscrew. TI 
advent of the variable pitch metal airscrew has, however, brought with it 
standardisation of blade shapes which in most practical cases simplifies the proce: 
of selection. I believe that designers will quickly get in the habit of thinki: 
in terms of activity factors rather than the less precise blade width ratios ai 
so forth, that is to say, they will without difficulty remember that activity facto: 
of 70 or 80 are about average, while activity factors of 60 give very narro 
blades which tend to yield diameters abnormally difficult of accommodation, at 


activity factors of 110 involve increases in weight and losses in efficiency whic! 


are generally of doubtful value. 


The CuamMan: Owing to the late hour it was necessary to bring the discussio: 


to a close, and in doing so he would like to propose a cordial vote of thanks 
Mr. Thomas and his co-authors for this very interesting paper and for the mann 


in which Mr. Thomas had answered many of the questions that had been pu 


to him. They had all been very glad to have Mr. Thomas with them th 


evening and they would also hope that he would long remain in this country 


to continue his good work on propeller design. 
The vote of thanks was carried with hearty acclamation and the meetii 


closed. 
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Directorates of Scientific Research and Technical Development, Air Ministry. 
(Prepared by R.T.P.) 


No. 50. Drcemper, 1937. 


Corner Losses in Ducts. Factors Affecting the Design of Efficient Corners and 
Leading to a Reduction in Resistance. (G. N. Patterson, Aire. Eng., 
Vol. 9, August, 1937, pp. 2¢5-208.) (50/1 Great Britain.) 

If h=height of duct; 

d=width of duct; 
r=mean radius of curvature; 
Ap=loss of static pressure at corner ; 
q=dynamic head ; 

the following values for Ap/q are obtained for a go° turn and various values 

of jd and r/d. 


h/d y/d Lp/q 
0.5 2 
I 1.0 0.4 
I 2.0 
2 1.0 0.3 
4 1.0 0.2 


lhus, by choosing large values of r/d and hd, the pressure drop can be 
very considerably reduced. By fixing guide vanes in the corners, the value of 
Ap q can be further diminished to 0.13. 
Particulars of the optimum shape and spacing of such guide vanes are given. 
On the Streaming of Water from Underneath a Sharp-Edged Sluice. (G. Pajer, 
Z.A.M.M., Vol. 17, No. 5, October, 1937, pp. 259-69.) (50/2 Germany.) 
As this problem, because of the acceleration due to gravity, cannot be solved 
by the ordinary method of conformal representation, the author introduces in its 
stead another problem solvable by this method; he supposes, in fact, that in the 
plane of the reciprocal complex velocities the curve corresponding to the water 
surface down-stream from the sluice is the quadrant of an ellipse. Having 
solved this problem, he justifies his method by showing that the calculated water 
surface satisfies the relation w= 4/ {29 (h—y)} with all desirable accuracy. 


On the Formula for the Velocity Distribution near Walls. (A. Izakson, Technical 
Physics of the U.S.S.R., Vol. 4, No. 2, 1937, pp. 155-62. In English.) 

(50/3 U.S.S.R.) 
It is shown that the law of the distribution of the mean velocities in a 
turbulent flow near the laminar layer may be obtained independently of Karman’s 
differential equation and Prandtl’s hypotheses concerning the ‘‘ Mischungsweg.”’ 
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Is Turbulent Motion Possible in an Incompressible Fluid Without Forming 
Surfaces of Discontinuity? (A. Izakson, Technical Physics of the 
U.S.S.R., Vol. 4, No. 3, 1937, pp. 239-40. In English.) (50/4 U.S.S.R.) 

The present paper studies a particular case of the motion of an incompressib 
fluid, viz., steady turbulent motion in a straight circular pipe of infinite length. 
Such a choice of motion enables us to introduce certain symmetry conditions 
into the mean motion. 

The author demonstrates that the differential equations, obtained by the method 
of Friedmann and Keller (on the hypothesis of the continuity of the first space 
derivatives of the velocity components) are not compatible with the hypothes 
of symmetry. 


Assuming that the latter hypotheses are satisfied, it becomes necessary io 


reject the hypothesis of continuity; the author supposes that this corresponds 
most closely to the actual state of affairs. 
It is essential to note, that all the deductions have been made solely on the 


basis of the differential equation of continuity. 
This avoids the necessity of making a series of additional hypotheses. 


The Effect of Ground on the Aerodynamic Characteristics of a Monoplane Win: 
(I. Tani, M. Taima and S. Simidu, Aer. Res. Inst., Tokio, Report N 
156, Sept., 1937.) (50/5 Japan.) 

The present paper deals with the effect of ground on the aerodynamic charac- 
teristics of a monoplane wing. In the first part of the paper theoretical calcula- 
tions are worked out, taking into account the finite dimensions of the chord 
and the thickness of the wing. The results of these calculations are then reduced 
to a simple form, readily applicable in practice. The second part of the paper 
contains the results of wing model experiments carried out at the Aeronautical 
Research Institute. For moderate values of lift coefficient, the calculated effects 
of ground agree very well with the results from experiment. The maximum lift 
is somewhat reduced when the distance of the wing above the ground is of 
moderate value, while it is increased when the distance becomes unusually small. 


The Flow Resistance of Compressible Gases in Smooth Round Tubes of Constant 
Radius. (V. Lelchuk, Technical Physics of the U.S.S.R., Vol. 4, No. 8, 
1937, PPp- 592-621. In German.) (50/6 U.S.S.R.) 

The experiments were carried out with superheated steam under conditions 
of no heat loss. The velocity varied from 280 to 600 m./sec. and the Reynolds 
number ranged from 250,000 to 800,000. ‘The resistance coefficient was found 
to be independent of the ratio of the flow velocity to that of sound, but varied 
with Reynolds number in a similar manner to that found by Nikuradse for 
incompressible fluids. 


The Effect of the Viscosity of Liquid upon the Laws of Turbulent Flow in a 
Straight Cylindrical Pipe with Smooth Walls. (G. A. Gurjenko, Technical 
Physics of the U.S.S.R., Vol. 4, No. 8, 1937, p. 664. In English.) 
(C.A.H.I., No. 303, p. 56, Institute Edition, Moscow, 1936.) (50/7 
U.S.S.R.) 

As the basis of his analysis the author takes the system of equations for 
turbulent transfer proposed by Gvido Mattioli. The main advantage of 
Mattioli’s equations consists in the fact that they form a closed system of 
differential equations (equations for the transfer of the momentum and _ the 
transfer of the angular momentuin). 

The author’s purpose was to replace G. Mattioli’s boundary conditions by new 
boundary conditions, corresponding to the modern physical concept of turbulent 
flow and the existence of a laminar sub-layer. 
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Outside this layer the author admits the existence of a region where viscous 
and turbulent friction act simultaneously. 

s a result of the author’s modernisation of Mattioli’s theory he was able to 
derive a new resistance formula, which represents a generalisation of the well- 
known formula of T. Karman. The author’s formula is in excellent agreement 
with the experimental data (1. Nikuradse), for almost the entire interval of 
Reynolds numbers investigated up to date (Re S 3.24x 10°), whilst Karman’s 
formula holds only for large values of Reynolds number. 

Velocity profiles obtained by the author using the method of graphical integra- 
tion are also in satisfactory agreement with experiments at small Reynolds 
numbers. 


Review of the Modern Semi-Empirical Theories of Turbulence. (V. V. Voishel, 
Technical Physics of the U.S.S.R., Vol. 4, No. 8, 1937, p. 665. In 
English.) (50/8 U.S.S.R.) 

The author begins with a comparison between the laminar and the turbulent 
flow. Next, in logical succession, but very briefly, the author states the theories 
of Reynolds-Bussinesque, L. Prandtl and G. I. Taylor. More space is given 
to |. Karman’s theory of mechanical similarity. The text contains not only 
the results of Karman’s investigations and Nikuradse’s experiments, but also 
critical notes made by L. Loiziansky about these investigations. A brief descrip- 
tion of the investigations made by Koroku Wada and by the author himself are 
also included. 

The last three chapters are devoted to G. Mattioli’s theory of turbulence which 
the author discusses in great detail, since this theory has not yet received the 
attention that is due to it among specialists. 


The Air Drag of Hulls. (L. P. Coombes and K. W. Clark, Airc. Eng., Vol. 9, 
No. 106, Dec., 1937, pp. 315-21 and 328.) (50/9 Great Britain.) 

The drag of a normal hull of good form is about 30 to 4o per cent. greater 
than the drag of a pure streamline shape of the same volume, and this is 
increased a further 20 to 25 per cent. by the need for lateral stabilisation. It is 
possible to reduce the hull plus stabiliser drag to some 15 per cent. above the 
ideal, but the actual figure will, in general, be higher owing to seaworthiness 
requirements. 


Theoretical and Experimental Basis for Research and Development of Under- 
carriage Springs. (F. Michael, L.F.F., Vol. 14, No. 8, 20/8/37, pp. 
387-416.) (50/10 Germany.) 

As indicated by the title, this most comprehensive report attempts to put on a 
scientific basis the whole question of undercarriage springing. After defining 
the various terms which enter into a proper understanding of the loading and 
unloading characteristic of an undercarriage, various types of idealised loading 
are investigated mathematically and graphically. The author concludes with a 
description of static and dynamic tests carried out on a complete half of the 
undercarriage or on certain parts thereof. By laying down test schedules of 
this kind, it is hoped to obtain conformity in the results of different research 
institutions. 


Résumé and Analysis of N.A.C.A. Lateral Control Research. (F. E. Weick and 
R. T. Jones, N.A.C.A. Report No. 605, 1937.) (50/11 U.S.A.) 

An analysis of the principal results of recent N.A.C.A. lateral control research 
is made by utilising the experience and progress gained during the course of 
the investigation. Two things are considered of primary importance in judging 
the effectiveness of different control devices. The (calculated) banking and 
yawing motion of a typical small aeroplane caused by a deflection of the control, 
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and the stick force required ta produce this deflection. The report includes a 
table in which a number of different lateral control devices are compared on 
these bases. 

Test flights demonstrated that satisfactory lateral control at high angles o 
attack depends as much on the retention of stability as on aileron effectiveness 

The stick force of plain ailerons can be effectively reduced by the use ot < 
differential linkage in conjunction with a small fixed tab arranged to press the 
ailerons upward. 


New Records by the F.W. 61 Helicopter. (Flugsport, Vol. 29, No. 23, 10/11/37, 
pp. 644-5.) (50/12 Germany.) 
The following performance was obtained by Miss H. Reitsch :— 
Height = 2,439 m. 
Speed = 122.6 km./hour. 
Distance= 108 km. 
The handling of the helicopter is described as follows :— 
Vertical ascent.—Engine full throttle 
Hovering.—Engine slightly throttled. 
Descent.—Engine throttled further. 
Flat turn.—Difterential incidence of rotor blades so that torque reaction is 
not completely balanced. <A rotation about vertical axis of aircraft 
results. 
Lateral control.—Differential incidence of rotor blades so that an excess lift 
is produced by one or other of the rotors. 
Curve in horizontal fight.—Same as above, aided by rudder. 
Horizontal flight (forward).—Tail of machine lifted by action of elevator. 
Horizontal flight (backward).—Tail depressed. 


large incidence of rotor blades. 


If the engine fails, the rotor wing incidence is changed automatically so that 
autorotation takes place without change in direction of rotation of rotor. It is 
claimed that this is the first time that a helicopter has been landed under these 
conditions. 

Safety in gusts.—This is assured by a universai joint at the rotor blade root. 
Such a device had already been proposed by Renard in 1904 and has also been 
adopted by Cierva. 


German Air Speed Record. (Les Ailes, No. 857, 18/11/37, p. 3.) (50/13 
Germany.) 

The speed record (611 km./hour) was obtained on a base of 3 km. which was 
flown six times in each sense at an altitude of 35 m. The aircraft was the 
Me.113R which is stated to be a development of the well-known fighter Me. 109. 
An electrically controlled V.P. propeller, type ‘‘ Heddernheimer Kupferwerke,” 
was used. The engine, DB. 600, is normally rated at 1,000 b.h.p. at 4,000 m. 
The author suggests that for these records, the engine was baosted to some- 
thing of the order of 1,5co b.h.p., which appears feasible since the whole flight 
only lasted 20 minutes. 


On the Dynamics of Symmetrical Flight of an Aeroplane. (E. Ikonnikov, 
Technical Physics of the U.S.S.R., Vol. 4, No. 6, 1937, pp- 433-47. In 
English.) (50/14 U.S.S.R.) 

The method of Poincaré is applied in this note to establish a qualitative picture 
of possible motions of an aeroplane in a vertical plane at a constant angle o! 
incidence and with engine off. 

The problem of qualitative investigation of the motion of an aeroplane in 4 
vertical plane at a constant angle of incidence was considered in the general 
case (the engine working) by Alayrac. However, his paper does not contain 
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a strict and exhaustive study both of the general case and of the elementary 

problem which concerns us. A strict solution even of this elementary problem 

appears therefore to present some interest, the more so since the solution can 

be carried out in an exceedingly simple manner, provided it is first proved, with 

the aid of Bendixson’s criterion, that there are no closed phase trajectories. 

The questions treated in separate paragraphs of this note are as follows :— 

(1) Reduction of the equations of motion to a form convenient for 
investigation. 

(2) Investigation of the equations of motion. Qualitative picture of phase 
trajectories in the presence of drag. 

(3) Qualitative picture of phase trajectories in the absence of drag. 


Pressure Distribution Measurements at Large Angles of Pitch on Fins of 
Different Span-Chord Ratio on a 1/40 Scale Model of the U.S. Airship 
“ Akron.”’ (J. G. McHugh, N.A.C.A. Report No. 604, 1937.) (50/15 
U.S.A.) 


Pressure distribution measurements on a 1/40 scale model of the U.S. airship 
‘* \kron ’’? were conducted in the N.A.C.A. 20-foot wind tunnel. 

‘he measurements were made on the starboard fin of each of four sets of hori- 
zontal tail surfaces, all of approximately the same area but differing in span- 
chord ratio, for five angles of pitch varying from 11.6° to 34°, for four elevator 
angles, and at air speeds varying from 56 to 77 m.p.h. Pressures were also 
measured at 13 stations along the rear half of the port side of the hull at one 
elevator setting for the same five angles of pitch and at an air speed of approxi- 
mately 91 m.p.h. 

The normal force on the fin and the moment of forces about the fin root were 
determined. The results indicate that, ignoring the effect on drag, it would be 
advantageous from structural considerations to use a fin of lower span-chord 
ratio than that used on the ‘* Akron.”’ 


Spinning Characteristics of the XNN2Y-1 Airplune Obtained from the Spinning 
Balance and Compared with Results from the Spinning Tunnel and from 
Flight Tests. (M. J. Bamber and R. O. House, N.A.C.A. Report No. 
607, 1937.) (50/16 U.S.A.) 

A 1/10 scale model of the XN2Y-1 aeroplane was tested in the N.A.C.A. 
five-toot vertical wind tunnel and the six components of the forces and moments 
were measured. The model was tested in 17 attitudes in which the full-scale 
aeroplane had been observed to spin, in order to determine the effects of scale, 
tunnel, and interference. In addition, a series of tests were made to cover the 
range of angles of attack, angles of sideslip, rates of rotation and control settings 
likely to be encountered by a spinning aeroplane. The data were used to esti- 
mate the probable attitudes in steady spins of an aeroplane in flight and of a 
model in the free-spinning tunnel. 

The estimated attitudes of steady spin were compared with attitudes measured 
in flight and in the spinning tunnel. The results indicate that corrections for 
certain scale and tunnel effects are necessary to estimate full-scale spinning 
attitudes from model results. 


Wind Tunnel and Flight Tests of Slot-Lip Ailerons. (J. A. Shortal, N.A.C.A. 
Report No. 602, 1937.) (50/17 U.S.A.) 

The slot-lip ailerons developed by the N.A.C.A. consist of a flap-type spoiler 
With an adjoining continuously open slot. The ailerons were developed in an 
investigation of the delayed response, or lag, of spoiler-type lateral controls. 
Tests of these slot-lip ailerons were made on wing models in the seven by ten-foot 
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wind tunnel, on a Fairchild 22 aeroplane in the full-scale wind tunnel and in 
flight, and on the Weick W1-A aeroplane in flight. 

In spite of some disadvantages, the N.A.C.A. slot-lip ailerons exhibited certain 
characteristics that are desirable for aeroplanes in which safety and simplicity 
of operation are considered of greater importance than high performance and 
a great degree of manoeuvrability. The slot-lip ailerons permit the use of a 
full span flap; the slot may extend the angle of attack range with stability in 
roll; and the ratios of yawing moment to rolling moment are such as to be 
particularly satisfactory for the two-control operation of an aeroplane. 


Flight Tests of an Aeroplane Showing Dependence of the Maximum Lift (o- 
efficient on the Test Conditions. (H. A. Soule and J. A. Hootman, 
N.A.C.A. Tech. Note No. 622, November, 1937.) (50/18 U.S.A.) 

Data are presented to show the extent to which the maximum lift coefficient 
and, consequently, the minimum speed of an aeroplane, as determined by flight 
tests, may vary with test conditions. The data show that Cymax may vary by 
as much as 14 per cent., depending on the altitude and wing loading at which 
the tests are made, the position or motion of the propeller, and the rate at 
which the angle of attack is changing when the maximum lift coefficient is 
obtained. The variation of the maximum lift coefficient with these factors, 
which are under the control of the test engineer, shows the need of stan- 
dardising the test procedure. A further variation is shown with wing conditions 
as affected by weathering and vibration, factors that cannot be completely 


controlled. 


New Developments in Hot Air Balloons. (D. Hildebrandt, Luftwelt, Vol. 2, 
No. 12, December, 1935, pp. 510-512.) (50/19 Germany.) 

Experiments with the Brunner hot air balloon were carried out by the D.V.L. 
in 1934. This balloon had a capacity of 1,600 m.* and was intended for one 
passenger. The burner was operated by a mixture of paraffin and steam and 
smokeless combustion was obtained with flames up to 2 m. long. 

The experiments have been continued at Vienna, by Messrs. Marek and Emmer 
and the author describes a short flight at which he assisted (four passengers were 
carried, the balloon capacity being 1,800 m.%). With the advent of liquid 
propane, the burner question becomes much simplified and further experiments 
with hot air balloons using this fuel are in progress in Germany. 

As apart from first cost, the running expenses are very small, the author 
considers this form of ballooning as a promising new form of sport. 


Bofors Rapid Fire 40 mm. Anti-Aircraft Gun. (U.S. Naval Institute Pro- 
ceedings, Vol. 63, No. 417, Nov., 1937, p. 1666.) (50/20 Sweden.) 

The gun fires 120 shots a minute, the muzzle velocity being 3,060 feet/sec. It 
has a very straight trajectory and at a height of 6,100 feet the deviation from 
the line of sight is only 6.8 feet. The weight of the shell is approximately 2. 2Ib. 
and a single hit is stated to be sufficient to destroy a plane. 

It is calculated that an aircraft diving from 6,800 to 3,400 feet at an average 
speed of 500 feet/sec. will only have one chance in 120 of getting down to the 
lower altitude without being hit. 


Aircraft and Chemical Warfare. (P. J. de Brockert, Chemisch Weekblad, Vol. 
34, No. 4, 1/1/1937, pp. 66-68.) (50/21 Holland.) 

On account of its relatively flimsy casing, a gas bomb can hold up to 50 pe! 

cent. of its total weight in the form of chemicals, whilst the artillery gas shell 

only contains 8 per cent. Moreover, the shell will waste most of its content 
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impregnating the ground, and it is reckoned that only 5 per cent. of the charge 
will contaminate the air at some distance. On the other hand, a Yperite 
(mustard gas) bomb weighing 4.6 kg. will infect a surface of approximately 
160 m.*. Even under these more favourable conditions, however, it is stated 
that it will require nine aircraft dropping each 16 bombs of this type at intervals 
of 25 m. in order to infect a surface of 200 x 350 m.’*, the contamination being 
6 gm. of chemical per m.’. 

As this concentration is the maximum required for effective results, it is quite 
clear that an extended target like a town would require an impossible number of 
aircraft, if the attack is carried out by gas alone. The attacker will probably 
rely most on incendiary bombs to start fires and hamper the fire fighting with 
delay explosion bombs. <A certain amount of gas will be used, but mainly for 
its psychological effect. 


Materials for Artificial Fogs. (C. W. v Hoogstraten, Chemisch Weekblad, Vol. 
34, No. 4, 23/1/1937, pp. 55-6.) (50/22 Holland.) 

Generally speaking, the light absorption produced by a fog is a maximum if 
the particle size is of the order of the wave length of light (4—7.5 x 10° cm.). 
Particles of this size are generally obtained by the condensation of atmospheric 
moisture and all the effective fog producing chemicals such as phosphorus SO,, 
and metal chlorides of Ti, Si, Sn, and Zn are for this reason very hygroscopic. 
Two zinc compounds have lately come into the market under the trade names 
‘Berger Mixture ’’? and ‘‘ Hexiet.’’ The former consists mainly of a mixture 
of CC2, and Zn, whilst the latter is composed of equal parts of Zn and 
hexachlorethane. 


Ballistic Characteristics of Aircraft Bombs. (G. Otten, De Ingenieur in 
Nederlandsch-Indie, No. 12, 1936, pp. 179-185.) (50/23 Holland.) 
On the assumption that the bomb behaves as a particle and that the resistance 
is of the type R= KpV?, the author obtains expressions for the following :— 
(u) Impact velocity and range if height and time of drop is known. 
()) Variation of terminal velocity with height, for the density distribution 
existing in the Netherland-Indies. 
(c) Calculation of time of drop from a given height if the time for another 
height is known. 
(/) Calculation of impact velocity under dive bombing conditions if the time 
of drop from a different height with horizontal release is known. 
The author in the main follows the lines of R. and M. 1121, but the graphical 
representation as well as the extension to dive bombing conditions is of interest. 
It appears that a bomb released horizontally at 4,000 m. (speed of aircraft 
50 m. sec.) will have an impact velocity of 245 m./sec., whilst the same bomb 
released vertically at an altitude of 2,000 m. whilst diving at 150 m./sec. will 
have an impact velocity of 223 m./sec. 


Aerial Attack on a Large Town. (P. Etienne, Rev. de l’Arm. de l’Air, No. 99, 
Oct., 1937, pp. 1135-40.) (50/24 France.) 

In order to assure evacuation and revictualling, the author considers it essential 
that the town be surrounded by a system of railways at an average distance of 
20 km. from the densely populated region. The latter is connected to the 
circular railway system by a number of one-way radiating roads which are 
reserved for in and outward traffic. The scheme is illustrated in the case of 
“a and reference is made to a similar plan being considered for the town of 
russels, 
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What We Have Learnt so Far from the Spanish Civil War. (La Science et !a 
Vie, No. 245, Nov., 1937, pp. 382-3.) (50/25 France.) 

1. A sufficient number of single-seater fighters can prevent heavy bombers 
from approaching: a target. 

2. Heavy bombers (of the ‘‘ Flying Fortress ’’ type of Douhet) have not 
justified their existence. 

3. Light bombers of good manceuvrability and suitable for ground attack have 
played an important rdle in co-operation with land forces. 

4. The aircraft used on both sides does not represent, by any means, the most 
up-to-date material. Thus practically no cannon aircraft is used, although it is 
known that the Germans have lately perfected a new 23 mm. cannon 
(Messerschmitt). 

5. What can be done by modern bombers if unopposed by fighting aircraft 
is shown by the recent Japanese attacks on Chinese towns. 


The Design of Aero-Engine Superchargers. (W. von der Null, L.F.F., Vol. 14, 
No. 4-5, 20/4/1937, PP- 244-253.) (50/26 Germany.) 
The author concludes that the following approximate circumferential specds 
are required for a single stage centrifugal blower in order to reproduce ground 
level pressure at various altitudes :— 


Circumferential Speed 


Altitude (feet). (feet/sec.), 
10,000 800 
20,000 1,150 
30,000* 45400 


* Intercooler required. 


At altitudes up to 25,000 feet, overal! adiabatic efficiencies of the order of 
7o per cent. should be possible. (yad=calculated adiabatic work of compres- 
sion/work supplied to blower shaft.) 

The efficiency is very markedly affected by leakage and this accounts for the 
success of the shrouded type of rotor, since with this design casing clearance 
difficulties are reduced. The importance of suitable blade shape at entry and 
proper diffusor blading design is illustrated by experiments and a semi-empirical 
formula for the effect of the number of rotor blades is given. 

(Available as Translation No. 517.) 


Energy Loss Velocity Distribution, and Temperature Distribution for a Baffled 
Cylinder Head. (M. J. Brevoort, N.A.C.A. Tech. Note No. 620, Oct., 
1937-) (50/27 U.S.A.) 

A study has been made of the important principles involved in the operation 
of a baffle for an engine cylinder and shows that the cooling can be improved 
20 per cent. by using a correctly designed baffle. Such a gain is as effective in 
cooling the cylinder with the improved baffle as a 65 per cent. increase in 
pressure drop across the standard baffle, which had a 14-inch clearance between 
baffle and fin tips. 


Electrical Character of the Spark Discharge of Automotive Ignition Systems. 
(M. F. Peters, G. F. Blackburn and P. T. Hannen, Bur. Stan. J. Res., 
Vol. 19, No. 4, Oct., 1937, pp. 401-21.) (50/28 U.S.A.) 

Two methods suitable for measuring the current in the discharge with the 
cathode ray oscillograph are (1) measurement of the voltage across a known 
inductance, and (2) deflection of the cathode beam by the magnetic field set up 
by the current. The paper deals in detail with the application of these two 
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methods, including, in the first method, the equations by which the current is 
derived, and the method of calibrating the measuring circuit in both methods. 

An analysis is made of oscillograms obtained by both methods for the discharge 
in the calibrating circuits and in a typical ignition circuit. Crest currents of 
50 to 80 amp. were measured. The frequencies ranged from 6 to 10 mce./s., 
the decrements from 0.08 to o.40 and the energy expended from 0.0023 to 
0.0135 J. The expended energy is found to agree with the energy known to be 
stored in the capacitance of the circuit at the beginning of the discharge. 


Journal-Bearing Design as Related to Maximum Loads, Speeds and Operating 
Temperatures. (S. A. McKee, Bur. Stan. J. Res., Vol. 19, No. 4, Oct., 
1937, PP- 457-65.) (50/29 U.S.A.) 

Equations are derived for the rate of heat generation and for the rate of heat 
dissipation in terms of factors of construction and operation. Equating the 
rates of heat generation and dissipation yields an approximate relation between 
the construction and operation factors and the rise in temperature of a bearing 
above its surroundings when operating in the region of stable lubrication. The 
product of the maximum allowable pressures and speeds at which a bearing will 
operate under the conditions prescribed for safety is obtained by substituting 
in the above relation permissible values for the temperature rise and the 
generalised operating variable ZN /P, where Z is the viscosity of the oil, N the 
speed of the journal, and P the bearing pressure. 

In a numerical example to illustrate the application of the method, individual 
values for the maximum permissible pressure and speed for a given bearing 
when using a given lubricant are obtained from the equation for the product of 


the speed and pressure and the minimum permissible value of ZN /P for stable 
lubrication. 


Pressure Drop Across Finned Cylinders Enclosed in a Jacket. (V. G. Rollin 
and H. H. Ellerbrock, N.A.C.A. Tech. Note No. 621, Nov., 1937.) (50/30 
U.S.A.) 


The pressure drop across finned cylinders enclosed in a jacket for a range of 
air speeds from approximately 13 to 230 m.p.h. has been investigated. Tests 
were made to determine the effect on the pressure drop of changes in fin space, 
fin width, jacket entrance and exit areas, skirt-approach radius, and the use of 
fillets and a separator plate at the rear of the cylinder. 

The pressure drop across the cylinder increased as the fin space decreased, 
the increase being very rapid at fin spaces smaller than approximately 0.20 inch. 
Fin width had little effect on the pressure drop for the range of widths tested. 
The pressure drop across the cylinder was nearly halved by increasing the skirt- 
approach radius from } inch to 1} inches, but fillets and a separator plate at the 
rear of the cylinder had little effect on pressure drop. The pressure drop across 
a cylinder with tapered fins was greater than that for a cylinder having rect- 
angular fins with the same effective fin spacing. 


lL Injection Systems for Diesel Engines. (K. J. 


Hydraulic Phenomena in Fue 
A.S.M.E., Vol. 59, No. 8, Nov., 1937, pp. 669-77.) 


De Juhasz, Trans. 
(50/31 U.S.A.) 


The author compares the vroblems of water-hammer phenomena with those 
of fuel injection surges. He also presents a graphical method for analysing the 
pressure and velocity conditions and shows how it is applied to representative 
examples of injection systems with a timed valve, and those with a timed pump. 
In the latter group the action of ‘‘ open ’’ and ‘‘ closed ’’ nozzles is explained. 
Singular cases of injection conditions are analysed. The effect of enclosed 
volume and of included rigid masses is examined. Various methods of 
terminating the injection are discussed. 
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Endurance and Fuel Consumption. (H. Constant, Airc. Eng., Vol. 9, No. 106, 

Dec., 1937, p. 329.) (50/32 Great Britain. 
The total specific weight S of a power plant in lb./b.h.p. is expressed as 
S={W+/P.R/V } /P, 

where W=weight of power plant ; 
f=specific fuel consumption in Ib./b.h.p. hour ; 
P,=cruising b.h.p. ; 
R=range; 
V=cruising speed ; 
P,=take-off power ; 

assuming 


2 
P,/P,=4 


S=W/P,+4fR/V. 


If the compression ratio is lowered, the permissible boost increases and W/P, 
decreases. 

On the other hand, f increases. The importance of the term containing f will, 
however, diminish for a given R as V increases. The author shows that with 
R fixed at 800 miles and V=100 m.p.h., S remains practically constant for all 
compression ratios, the decrease in the power plant weight just balancing the 
increase in fuel consumption. At higher air speeds, however, the balance is in 
favour of the boosted low compression engine, the saving in total weight (engine 
and fuel) for a 2,000 b.h.p. installation being about 7oolb. at 300 m.p.h. The 
benefit will obviously diminish if longer ranges (or endurance) are considered. 


The Pescara Free Piston Compressor. (J. Marival, La Science et la Vie, No. 
246, Dec., 1937, pp. 466-469.) (50/33 France.) 

This is a form of the Junkers opposed piston engine in which the pistons are 
not returned by positive action of a crankshaft but entirely by the expansion otf 
air previously compressed during the firing stroke. In order to assure perfect 
synchronisation, the two pistons are however connected by an oscillating linkage. 
As the negative work of the Diesel is very much less than the expansion work, 
only a small quantity of air need be trapped to ensure the oscillation of the 
system. The rest of the available work is transformed into compressing and 
delivering air. Compressors of this type have already received extensive applica- 
tion in industry and it is claimed that over 25 per cent. of the heat of combustion 
of the fuel reappears as adiabatic work of compression in the air delivered. (I uel 
consumption 176 gm. per air h.p.) ‘This type of compressor appears specially 
suited for pneumatic power transmission (locomotives) and its possibilities in 
aircraft were investigated by the late Prof. Junkers, who has developed a similar 
type of machine. 


Combustion Levels in Flame Gases. (W. T. David, Engineering, No. 3748, 
12/11/1937, PP- 531-533-) (50/34 Great Britain.) 

There exists a long lived latent energy in flame gases which is probably 
associated with the presence of metastable molecules in the flame front. As a 
result the actual temperature reached in the flame is much lower than_ the 
calculated temperature after allowance for heat loss. 


” 


The author proposes the term ‘‘ combustion level ’’ for the ratio of energy 
accounted for in the flame (on the assumption that the gases are normal) to the 
heat of combustion of the original fuel mixture. 

The ‘‘ combustion level ’’ can be raised by increasing the density of the burning 
charge. The author has investigated closed vessel explosion for a number of 


gases, obtaining values ranging from 72 to 99 per cent. for the combustion level. 


| 
t 
( 
d 
a 


will, 
with 


r all 
the 
is in 
wine 
The 


No. 


are 
on of 
erfect 
kage. 
vork, 
f the 
and 
plica- 
istion 
(I uel 
cially 
ies in 
imilar 


3748, 


vably 
As a 
nthe 


energy 
to the 


urning 
ber of 
level. 


ABSTRACTS FROM THE SCIENTIFIC AND TECHNICAL PRESS. Q7 


The Properties and Testing of Lubricants—Review of Papers Presented to the 
Inst. Mech. Eng., Oct., 1937. (H. J. Gough, Engineering, No. 3748, 
12/11/1937, PP. 553-555-) (50/35 Great Britain.) 

The papers presented afford evidence of the great attention now being given 
to lubrication research. Unfortunately in certain fields, such as internal com- 
bustion engine lubrication, laboratory tests are still unsatisfactory. 

The large oil producers have little confidence in oxidation tests and are almost 
entirely guided by full-scale results obtained on representative engines. There 
is urgent need for co-operation and pooling of results. Most of the work carried 
out in individual laboratories cannot be checked since the lubricants used cannot 
be specified closely enough. The need for a common stock of basic lubricants 
which could be made available to investigators is clearly indicated. 


On the Theory of Bunsen Flames. (L, Khitrin, Technical Physics of the 
U.S.S.R., Vol. 4, No. 2, 1937, pp. 121-37. In English.) (50/36 U.S.S.R.) 

1. It is shown that the form of the internal cone of a bunsen flame may be 
theoretically explained in a considerably more simple manner, and with greater 
physical reality, than was done by Michelson. The resulting expression for the 
equation of the surface of ignition, may be written in the form :-— 

z=a (R—r)—b 
where a and b are constants depending on the dimensions of the burner and on 
the rate of gas flow. 

2. According to the theory advanced, the really steady part of the ignition 
surface is the lower ring part of the cone, where direct compensation of the 
flame speed by the opposing movement of the gas occurs. This steadiness of 
the ring zone plays the part of a continuously acting ring of ignition, and plays 
a very essential rdle from the practical point of view. 

3. The equations deduced for the form of the ignition surface allow of a simple 
and relatively accurate calculation of the height of the bunsen cone, and the 
dimensions of its lateral surface. 


The Spray Range of Liquid Fuel in an Opposing Air Flow. (In English.) (L. 
Strazhevsky, Technical Physics of the U.S.S.R., Vol. 4, No. 6, 1937, 
pp. 438-47.) (50/37 U.S.S.R.) 

Research work was carried out to determine the range of a spray of liquid 
fuel under working conditions of an internal combustion engine with fuel injec- 
tion in the inlet manifold. 

The work gave the following results :—- 

(1) The range of penetration of drops of fuel depends directly on the injection 
pressure. However, as the injection pressure is increased, the influence of the 
pressure on the distance of penetration decreases. 

(2) The distance of penetration varies inversely as the speed of the opposing 
air flow. 

(3) The experimentally determined mean value of the coefficient of air 
resistance is 

0.003. 


A Study of Di-isopropyl Ether as a Motor Fuel. (A. Sokolik and A. Voinov, 
Technical Physics of the U.S.S.R., Vol. 4, No. 8, 1937, pp. 638-660. In 
English.) (50/38 U.S.S.R.) 

Isopropyl ether as a fuel has an abnormal speed effect, i.e., the knocking 
tendency increass with r.p.m. It is suggested that with this fuel the unstable 
oxidation products (which are commonly held to be responsible for subsequent 
detonation) are formed too soon after ignition and will decompose without being 
able to accelerate the main reaction. An increase in speed of engine operation 
will lessen the time interval between inflammation and maximum concentration 
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Endurance and Fuel Consumption. (H. Constant, Airc. Eng., Vol. 9, No. 106, 
Dec., 1937, Pp. 329-) (50/32 Great Britain.) 
The total specific weight S of a power plant in lb./b.h.p. is expressed as 
S= {W+f/fPR/V } /P, 
where W=weight of power plant ; 
f=specific fuel consumption in Ib./b.h.p. hour ; 
P,=cruising b.h.p. ; 
R=range; 
V =cruising speed; 
P,=take-off power ; 


assuming 


S=W/P,+4/R/V. 

If the compression ratio is lowered, the permissible boost increases and W//P, 
decreases. 

On the other hand, f increases. The importance of the term containing f will, 
however, diminish for a given R as V increases. The author shows that with 
FR fixed at 800 miles and V=100 m.p.h., S remains practically constant for all 
compression ratios, the decrease in the power plant weight just balancing the 
increase in fuel consumption. At higher air speeds, however, the balance is in 
favour of the boosted low compression engine, the saving in total weight (engine 
and fuel) for a 2,000 b.h.p. installation being about 76olb. at 300 m.p.h. The 
benefit will obviously diminish if longer ranges (or endurance) are considered. 


The Pescara Free Piston Compressor. (J. Marival, La Science et la Vie, No. 
246, Dec., 1937, pp. 466-469.) (50/33 France.) 

This is a form of the Junkers opposed piston engine in which the pistons are 
not returned by positive action of a crankshaft but entirely by the expansion of 
air previously compressed during the firing stroke. In order to assure perfect 
synchronisation, the two pistons are however connected by an oscillating linkage. 
As the negative work of the Diesel is very much less than the expansion work, 
only a small quantity of air need be trapped to ensure the oscillation of the 
system. The rest of the available work is transformed into compressing and 
delivering air. Compressors of this type have already received extensive applica- 
tion in industry and it is claimed that over 25 per cent. of the heat of combustion 
of the fuel reappears as adiabatic work of compression in the air delivered. (Iuel 
consumption 176 gm. per air h.p.) ‘This type of compressor appears specially 
suited for pneumatic power transmission (locomotives) and its possibilities in 
aircraft were investigated by the late Prof. Junkers, who has developed a similar 
type of machine. 


Q 


Combustion Levels in Flame Gases. (W. T. David, Engineering, No. 3748, 
12/11/1937, PP. 531-533-) (50/34 Great Britain. 


There exists a long lived latent energy in flame gases which is_ probably 
associated with the presence of metastable molecules in the flame front. As a 
result the actual temperature reached in the flame is much lower than the 
calculated temperature after allowance for heat loss. 

The author proposes the term ‘‘ combustion level ’’ for the ratio of energy 
accounted for in the flame (on the assumption that the gases are normal) to the 
heat of combustion of the original fuel mixture. 

The ‘* combustion level ’’ can be raised by increasing the density of the burning 
charge. The author has investigated closed vessel explosion for a number of 


gases, obtaining values ranging from 72 to 99 per cent. for the combustion level. 
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The Properties and Testing of Lubricants—Review of Papers Presented to the 
Inst. Mech. Eng., Oct., 1937. (H. J. Gough, Engineering, No. 3748, 
12/11/1937, PP- §53-555-) (50/35 Great Britain.) 

The papers presented afford evidence of the great attention now being given 
to lubrication research. Unfortunately in certain fields, such as internal com- 
bustion engine lubrication, laboratory tests are still unsatisfactory. 

The large oil producers have little confidence in oxidation tests and are almost 
entirely guided by full-scale results obtained on representative engines. There 
is urgent need for co-operation and pooling of results. Most of the work carried 
out in individual laboratories cannot be checked since the lubricants used cannot 
be specified closely enough. The need for a common stock of basic lubricants 
which could be made available to investigators is clearly indicated. 


On the Theory of Bunsen Flames. (L. Khitrin, Technical Physics of the 
U.S.S.R., Vol. 4, No. 2, 1937, pp. 121-37. In English.) (50/36 U.S.S.R.) 

1. It is shown that the form of the internal cone of a bunsen flame may be 
theoretically explained in a considerably more simple manner, and with greater 
physical reality, than was done by Michelson. The resulting expression for the 
equation of the surface of ignition, may be written in the form :— 

z2=a(R—r)—b 
where a and b are constants depending on the dimensions of the burner and on 
the rate of gas flow. 

2. According to the theory advanced, the really steady part of the ignition 
surface is the lower ring part of the cone, where direct compensation of the 
flame speed by the opposing movement of the gas occurs. This steadiness of 
the ring zone plays the part of a continuously acting ring of ignition, and plays 
a very essential rdle from the practical point of view. 

3. The equations deduced for the form of the ignition surface allow of a simple 
and relatively accurate calculation of the height of the bunsen cone, and the 
dimensions of its lateral surface. 


The Spray Range of Liquid Fuel in an Opposing Air Flow. (In English.) (L. 
Strazhevsky, Technical Physics of the U.S.S.R., Vol. 4, No. 6, 1937, 
pp. 438-47-) (50/37 U.S.S.R.) 

Research work was carried out to determine the range of a spray of liquid 
fuel under working conditions of an internal combustion engine with fuel injec- 
tion in the inlet manifold. 

The work gave the following results :—- 

(1) The range of penetration of drops of fuel depends directly on the injection 
pressure. However, as the injection pressure is increased, the influence of the 
pressure on the distance of penetration decreases. 

(2) The distance of penetration varies inversely as the speed of the opposing 
air flow. 

(3) The experimentally determined mean value of the coefficient of air 
resistance 1S 

0.003. 


A Study of Di-isopropyl Ether as a Motor Fuel. (A. Sokolik and A. Voinov, 
Technical Physics of the U.S.S.R., Vol. 4, No. 8, 1937, pp. 638-660. In 
English.) (50/38 U.S.S.R.) 


Isopropyl ether as a fuel has an abnormal speed effect, i.e., the knocking 
tendency increases with r.p.m. It is suggested that with this fuel the unstable 
oxidation products (which are commonly held to be responsible for subsequent 
detonation) are formed too soon after ignition and will decompose without being 
able to accelerate the main reaction. An increase in speed of engine operation 
will lessen the time interval between inflammation and maximum concentration 
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of unstable products and thus promote detonation. The authors have carricd 
out an interesting series of experiments on various fuel mixtures at various 
temperatures and speeds on the C.F.R. engine. It appears that the relative 
knock rating of fuels can be profoundly changed by alteration of speed and 
temperature during the tests. For this reason it is suggested that comparison 
should be carried out at a series of values of the variables, so as to approximate 
more closely to full-scale conditions. 


Making Castor Oil Soluble in Mineral Oil. (Hungarian Patent No. 116,570.) 
(Ind. and Eng. Chem. (News Edn.), Vol. 15, No. 22, 20/11/37, p. 495.) 
(50/39 Hungary.) 

According to a Hungarian patent, No. 116,570, the castor oil is made soluble 
by mixing it with potassium bicarbonate and heating the mixture in vacuum to 
230°-280°C. The product will mix with mineral oils in all proportions. 


The Determination of the Ignitability of Diesel Oils on a Laboratory Scale. 
(R. Heinze and M. Marder, J. Inst. Petrol. Tech., Vol. 23, No. 168, 
Oct., 1937, pp. 603-15.) (50/40 Great Britain.) 

In several recently published articles, the reliability of the laboratory methods 
for determining the ignitability of Diesel oils has been questioned. In spite of 
these efforts it has been proved by the present report that, by the proper applica- 
tion of the density method developed by the authors cetene values in good agrce- 
ment with those determined by engine tests are obtained. Standard as well as 
sub-standard testing oils, and also Diesel oils of any origin (as for instance from 
crudes, lignite tar, coal tar or those manufactured by hydrogenation, by synthesis 
or by extraction), when tested by the density method, yielded within very narrow 
limits the same cetene values as determined by engine test with the aid of the 
C.F.R. motor. 


New Aircraft Research Apparatus Utilising the Scratch Method. (H. Freise, 
L.F.F., Vol. 14, No. 8, 20/8/37, pp- 273-286.) (50/41 Germany.) 

The behaviour of an aircraft structure in flight involves the measurement of 
small displacements. These measurements are rendered difficult by the onerous 
condition existing in flight, but the scratch method (by means of which the 
displacement is recorded directly by means of a stylus on a hard surface and 
subsequently magnified) has proved successful by its simplicity, robustness, 
freedom from lag, and high accuracy. 

The article describes a variety of applications of the method as developed by 
the D.V.L. to such instruments as extensometers, accelerometers, dynamic head 
recorders, parachute shock recorders, etc. Lately the method has also been 
applied to cases where records are required over relatively long intervals of 
time. As an example an engine revolution counter is described which gives 
the r.p.m. to within +5 over a time interval of 80 minutes. A further interesting 
application is the recording of aircraft wing vibrations in flight. In both cases 
the record is obtained on a continuous film which is driven by a light synchronous 
electric motor. 


Electrical Thermometers for Aircraft. (J. B. Peterson and S. H. J. Womack, 
N.A.C.A. Report, No. 606, 1937.) (50/42 U.S.A.) 

Electrical thermometers commonly used on aircraft are the thermo-electric 
type for measuring engine cylinder temperatures, the resistance type for 
measuring air temperatures, and the superheat meters of the thermo-electric and 
resistance types for use on airships. These instruments are described and their 
advantages and disadvantages enumerated. Methods of testing these instru- 
ments and the performance to be expected from each are discussed. The field 
testing of engine cylinder thermometers is treated in detail. 
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A High Speed Camera for Propeller Research. (i. L. Gayhart, Eng. Absts., 
No. 76, October, 1937, p. 8.) (50/43 Great Britain.) 

ihe author describes the high speed camera developed at the experimental 
model basin at the U.S. Navy Yard, Washington, D.C., for studying cavitation 
phenomena in the variable pressure water tunnel. Its design was fixed by the 
single consideration that the time of exposure must be so brief that the tips of 
the propeller blade will not move more than one-hundredth of an inch during the 
exposure. With a speed of rotation of 1,400 r.p.m. for cavitating model propel- 
lers of 8in. average diameter, corresponding with a destroyer propeller running 
at about 350 r.p.m., this involved an exposure time of approximately 1/50,000 sec. 
This was obtained by means of a mechanical shutter designed as a revolving 
disk of 20in. external diameter having a radial slit 2in. long with its outer end 
at a radius of 19$in. The illumination problem was solved by the use of photo- 
graphic flash lamps with a peak well in excess of 750,000 candle-power, rein- 
forced by a reflector shaped as an ellipsoid of revolution placed with the centre 
of the lamp bulb at one focus of the ellipse and the propeller hub at the other 
focus. The author reproduces examples of cavitation photographs taken by 
means of this camera, which reveal the peculiar pattern made by the propeller 
tip vortices, the growth and motion of the bubbles on the back of the blade, and 
the bubble formation in the current beyond the propeller. 


Precision Contents Gauges for Tanks Containing Liquids. (Die Messtechnik, 
April, 1933.) (Original of Paper in R.T.P. (Absts.).) (50/44 Germany.) 
The gauge works on the well known pneumatic principle, the pressure required 
to force air through the depth of liquid in the tank being a measure of the height 
of liquid and therefore of the contents. The novelty consists in measuring the 
pneumatic pressure in terms af a column of the same liquid as is contained in 
the tank. For this purpose the gauge is in the form of a Fortin barometer, 
the lateral vessel of which is connected to the bottom of the tank by means 
of a vertical stand pipe whilst the top of the gauge glass of the barometer is 
connected with the top of the sealed fuel tank. hand pump is suitably con- 
nected to the system for priming the ‘ barometer ’’ and ejecting air through 
the stand pipe. 
It is stated that the gauge can be used on vehicles and on aircratt. 


On the Notion of Resonance for Noa-Lincar Vibrations. (R. Iglish, Z..\.M.M., 
Vol. 17, No. 5, October, 1937, pp. 249-58.) (56/45 Germany.) 
The notion of resonance for non-linear vibrations is established in strict analogy 
to the same notion for linear problems. The argumentation is based solely on 
Sturm-Liouville’s methods for linear differential equations. 


On the Tilting of a Grate System consisting of Two Spars Joined by Ribs. (J. 
Weinhold, Z.A.M.M., Vol. 17, No..5, October, 1937, pp. 270-5.) (50/46 
Germany.) 

Supposing that the spars may be bent in the plane of the grate and twisted 
round their axes, and introducing some admissible simplifications, the author 
considers the cases when the spars are acted on by longitudinal pressure and 
bending moments in the plane of the grate. Under suitable boundary conditions 
he arrives at simple formule for the critical load. 


On Some Plane Boundary Value Problems in Theory of Elasticity. (EE. Weinel, 
Z.\.M.M., Vol. 17, No. 5, October, 1937, pp. 276-87.) (50/47 Germany.) 
Using bi-polar co-ordinates the author calculates the stress in a plate with two 
circular holes and in a ring formed by two eccentric circles, with special reference 
to a plate with two holes subjected to uniform tension perpendicular to the 
straight line through the two centres. 
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Study of Transparent Plastics for Use on Atreraft. (B. M. Axilrod and G, 
Kilne, Bur. Stan. J. Res., Vol. 19, No. 4, Oct., 1937, pp. 307-4oe.) (50,48 
U.S.A.) 

Pending the results of further tests on samples of cellulose acetate, acrylate 
resin, and other plastics, which have been prepared by the manufacturers using 
modified compositions and methods of processing to overcome the defective 
behaviour noted during the course of this investigation, it is concluded that the 
problem of choosing between cellulose acetate and acrylate resin plastics {or 
aircraft windows at present appears to be one of the required impact strength. 
If a relatively high impact strength is necessary, the cellulose acetate sheets are 
much superior to the acrylate resin in this respect. However, if high impact 
strength is not essential, then the superior clarity and weathering resistance ot 
the acrylate resin makes it the more desirable material. Both the cellulose 
acetate and the acrylate resin have the advantages of being lighter in weight 
than glass and of being readily fitted to curved openings. 


Graphical Computation of Stresses from Strain Data. (A. H. Stang and M. 
Greenspan, Bur. Stan. J. Res., Vol. 19, No. 4, Oct., 1937, pp. 437-41.) 
(50/49 U.S.A.) 

The arithmetic involved in the use of the analytical solution for principal 
stresses in terms of strains on four intersecting gauge lines 45° apart is very 
tedious if these stresses are computed at many locations. This paper presents 
graphs which materially reduce the time and labour necessary for such com- 
putations. There are presented, also, graphs by means of which normal and 
shearing stresses on oblique planes are readily obtained trem principal stresses. 
The use of the various graphs is illustrated by numerical examples. 


Torsion Tests of Tubes. (A. H. Stang, W. Ramberg and G. Back, N.A.C..A\. 
Report No. 601, 1937.) (50/50 U.S...) 

lorsion tests of 63 chromium-molybdenum steel tubes and 102 17ST aluminium 
alloy tubes of various sizes and lengths were made to study the dependence ol 
the torsional strength on both the dimensions of the tube and the physical pro- 
perties of the tube material. Three types of failure were found to be important 
for sizes of tubes frequently used in aircraft construction: (1) Failure by plastic 
shear; (2) failure by elastic two-lobe buckling; (3) failure by a combination of 
(1) and (2), that is, by buckling taking ‘place after some yielding of the tube 
material. 

An adequate theory exists for explaining failure by (1) or (2). Most of the 
tubes failed by the combined failure (3), for which a theoretical solution seems 
unattainable at this time. 


The Strength of Shell Bodies—Theory and Practice. (H. Ebner, L.F.F., Vol. 
14, No. 3, 20/3/37, pp. 93-115. Translation in N.A.C.A. Tech. Memo. 
No. 838.) (50/51 Germany.) 

The monocoque form of construction characterised by the fact that the skin 
is made as much as possible a stress-bearing member, has become increasingly 
popular, especially in the fuselages of the latest metal aeroplanes. It has intro- 
duced a number of new problems to the stress calculator and the designer.* 
The problems for the stress calculator fall into two groups: The determination 
of the stress condition (shell statics) and the determination of the failing strength 
(shell strength). .\ large part of these problems may, as a result of the research 
work of the last few years, be looked upon as being solved. The present report 
summarises the most important theoretical and experimental results on this sub- 


* For a survey of these problems, see Luftwissen, December, 1935 
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ject, special attention being given to the work done at the German Research 
Laboratory for Aeronautics (D.V.L.). 


The Influence of Surface Plastic Deformations on the Impact Cold Brittleness 
of Steel. (F, Wittmank, Technical Physics of the U.S.S.R., Vol. 4, 
No. 3, 1937, Pp. 224-37. In English.) (50/52 U.S.S.R.) 

\ description is given of experiments on the comparison of critical tempera- 
tures of brittleness for steel specimens; in one case the surface of the specimens 
being plastically deformed by means of a cutter, by rolling, and by a rain of steel 
balls (in a Herbert *‘ Cloudbursts ’’ apparatus); in the other case the specimens 
were turned in a lathe and either deeply etched or recrystallised. It is shown 
that the existence in the specimens of plastically deformed surface layers notice- 
ably increased the cold brittleness to impact. 


Mechanical Analysis of Impact Brittleness. (N. Davidenkov and F. Wittmann, 
Technical Physics of the U.S.S.R., Vol. 4, No. 4, 1937, pp. 308-24. In 
English.) (50/53 U.S.S.R.) 

The critical temperature of brittleness of coarse-grained steel (C = 0.24 per cent.) 
found by impact tests of notched specimens, is 40° higher than that of fine-grained 
steel, whilst at the same time all their mechanical properties (except the elastic 
limit and the vield point) are practically identical. 

this detect of coarse-grained steels may be due to :— 

(1) The greater increase in its yield point in consequence of greater 
sensitivity to notching ; or 

(b) The greater increase in the yield point in consequence of greater 
sensitivity to high speeds; or 

(c) The smaller value of the brittle strength. 

The first of these suppositions was disproved by tests on unnotched specimens, 
when the difference not only did not disappear, but became even more marked. 
The second supposition must probably be rejected on the basis of the comparison 
of results of the same static tests at low temperatures, in which the different 
tendencies of steels to brittle fracture are completely maintained. 

Thus, it is only possible that the third supposition is valid. 


The Elasticity of Amorphous Bodies. (P. Kobeko, E. Kuvschinskij and G. 
Gurevich, Technical Physics of the U.S.S.R., Vol. 4, No. 8, 1937, pp. 
622-37. In English.) (50/54 U.S.S.R.) 

1. Reversible deformation may be considered as consisting of two components : 
Initial elastic or acoustic deformation and highly elastic deformation. 

2. Total mechanical deformation of amorphous bodies is composed of three 
independent components: The elastic initial deformation, resilient highly elastic 
deformation and inelastic plastic deformation. 

3. The initial modulus of shearing stresses in amorphous bodies is large. For 
phenol-phthalein, hard rubber and soft rubber it is equal to 2x 104 kg./em.? and 
to 10‘ kg./em.? for resin. 

4. The total modulus is many times less than the initial one. For soft rubber 
it is equal to 6 kg./em.*, for hard rubber—3o kg./cem.*, for phenol-phthalein 
2,500 kg./em.?. 


Running-in Characteristics of Some White Metal Bearings. (S. A. McKee and 
T. R. McKee, Trans. A.S.M.E., Vol. 59, No. 8, Nov., 1937, pp. 721-4.) 
(50/55 U.S.A.) 

This paper describes an extension of the investigation of the running-in 
characteristics of journal bearings which was a part of the programme of research 
on lubrication conducted at the National Bureau of Standards in co-operation 
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with the Special Research Committee on Lubrication of the .\merican Society | 
Mechanical Engineers. The results of tests on three kinds of white metal 
bearings are given. 

A four-bearing friction machine was used to determine the effect of progressive 
amounts of running-in, upon the frictional characteristics of the bearings. T] 
results are compared with those of previous investigations and all are in agrec- 
ment in providing an indication that the major effect of running-in is to reduce 
the friction losses at low values of ZN /P and to increase the permissible operating 
range. The results also give a comparison of the frictional and running-in 
characteristics of the various metals. 


Ice Accretion on Aircraft—Notes for Pilots. (G. S. Simpson, Met. Office Pri 
Notes No. 82, 1937.) (50/56 Great Britain.) 

There are four main types of ice accretion :— 

(a) A white semi-crystalline coating of ice which covers the surface of the 
aircraft (surface equivalent: hoar frost). 

(b) A light white opaque deposit which accumulates on the leading edges of 
wings, struts and wires (surface equivalent: rime). 

(c) \ transparent or translucent coating of ice which has a glassy surface 
appearance (surface equivalent: intermediate between rime and glazed 
frost). 

(d) A heavy coating of clear ice which may form all over the aircraft (surface 
equivalent: glazed frost). 

Of the above (a) mainly affects windscreen and aerial and is not dangerous ; 
(b) affects the aerodynamic characteristic of the wing, although the weight of 
ice deposited is relatively small; (c¢) and (d) affect the aircraft by the weight of 
deposit formed. 

The author deals with the meteorological conditions likely to favour one or 
other of the above types. Before the meteorologist can issue an ice warning 
he must be certain that these conditions exist. The accretion varies so greatly 
in intensity and is of such a local nature that pilots cannot assume that they 
will meet with similar conditions in different parts of the same cloud laver nor 
even at the same place at some subsequent time. 

For this reason the Meteorological Office has been very reluctant to undertake 
a regular issue of ice warnings. If warnings are issued on all occasions where 
accretion is possible, there would be so many failures that pilots would lose 
confidence in the value of the warnings. 


Determination of the Size and Electrical Charge of Dust and Fog Particles. 
(N. Rosenblum, Technical Physics of the U.S.S.R., Vol. 4, No. 7, 1937, 
pp. 564-8. In English.) (50/57 U.S.S.R.) 

The particles fall under gravity in a horizontal homogeneous alternating electro- 
static field. The amplitude of the vibration of the particle is determined optically 
and the rate of descent is timed. After preliminary experiments had shown that 
the rate of drop was not affected by the amplitude of the vibration formule 
are deduced both for the size and charge on the particle. 


The Mechanics of the Atmosphere. (J. Labadie, La Science et la Vie, No. 245, 
Nov., 1937, pp- 348-356.) (50/58 France.) 

When a layer of liquid is heated from below a system of cellular vortices is 
formed which are known after the name of their discoverer as the Benard vortices. 
Similar considerations apply to circulation problems in the atmosphere and explain 
the formation of certain cloud patterns. Some of these clouds are, however, 
formed at high altitudes where it is difficult to account for their formation by 
purely thermal means (temperature gradient). 
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it has lately been shown, however, that an electric or ionisation gradient will 
act in a similar manner to a temperature gradient in producing vortex motions 
of the air, and since ionisation is very active at high altitudes, the formation of 
this particular cloud system can be satisfactorily accounted for. 


The Dependence of the Coefticient of Thermal Conducttetty of Gases and Vapours 
on the Pressure. (N. Vargaftik, Technical Physics of the U.S.S-R., 
Vol. 4, No. 5, 1937, pp. 341-60. In English.) (50/59 U.S.S.R.) 

i. The hot wire method was applied to the determination of the thermal 
conductivity of gases and vapours in dependence on the pressure, tubes of very 
small diameter (less than 1 mm.) being used. 

2. Measurements were made of the thermal conductivity of nitrogen up to 
go atmospheres and steam up to 30 atmospheres. It was shown that in these 
pressure regions no convective transmission of heat occurred in our experimental 
apparatus. 

3. The dependence of the coefficients of thermal conductivity of nitrogen and 
steam on the pressure was determined. 

4. A comparison was made between the experimental results for the thermal 
conductivity and those found from the relationship A= NC». 


Complete Characteristics of Centrifugal Pumps and Their Use in the Prediction 
of Transient Behaviour. (R. 1. Knapp, Trans. \.S.M.E., Vol. 59, No. 8, 
Nov., 1937; Pp. 683-9.) (50/00 U.S.A.) 

[his paper describes the technique of determining the complete operating 
characteristics of a hydraulic machine such as a centrifugal pump or a turbine, 
together with a method of presenting these characteristics in a convenient manner 
on a single diagram. The characteristics of a modern, high head, high efficiency 
pump are analysed and presented in the manner proposed. The use of these 
complete characteristics for the prediction of the behaviour of the machine during 
operating transients is discussed and the analytical background is presented. 
The assumptions involved are investigated and experimental checks of their 
validity are offered. The inter-relationships between the hydraulic characteristics 
of the machine and the pipe line are indicated. 


An Improved Medium Wave Adcock Direction Finder. (R. H. Barfield and 
R. A. Fereday, J. Inst. Elec. Engs., Vol. 81, No. 491, Nov., 1937, pp. 
676-81.) (50/01 Great Britain.) 

This paper describes a medium wave .\dcock direction finder capable of working 
over the wave length range 750 to 2,000 metres (frequency 400 to 150 ke.) with 
a pick-up factor between 3 and 5 metres. Under favourable conditions a bearing 
can be taken on a field strength of 10 micro-volts per metre with a swing of 
less than 1°. When the field strength is 1 micro-volt per metre the corresponding 
swing is +10°. 

The standard wave error is less than 1° as measured on a wave length of 
1,700 metres (frequency 170 ke.), and this may most probably be taken to be 
representative of its value over the whole range. ‘The instrumental error after 
balancing is less than 1°, but no information is at present available as to how 
long the balance remains constant. 

The instrument may therefore be said to constitute a practical development 
of the balanced-coupled .\dcock system, retaining all the advantages of that type 
as regards polarisation error, but with a greatly enhanced pick-up factor com- 
pared with that of the early experimental model, which makes the apparatus 
capable of taking bearings with field strengths as low as 1 micro-volt per metre, 
and with an instrumental accuracy as good as that of a loop type Bellini-Tosi 
direction finder. 
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A Short Ware Adcock Direction Finder. (R. H. Barfield and W. Ross, J. Insi. 
Elec. Engs., Vol. 81, No. 491, Nov., 1937, pp. 682-90.) (50/62 Gre: 
Britain. ) 


This paper gives full details of the construction and performance of a short 
wave aural \deock direction finder of the coupled type with a working way 
length range of from 35 to 7o metres (frequency 8.6 to 4.3 me.). It describes 
how the design of the instrument is based on the principles brought to light in 
an earlier investigation. It deals with its design in respect of polarisation erro 
pick-up factor, and instrumental error, and describes experiments by which the 
properties were measured. ‘The values obtained for these were as follows: 
Standard wave error, 3° to 8°; pick-up factor, 4.5 to 6 metres; instrumental 
error, 2° to 3° at maximum. 

The apparatus is considered to constitute a satisfactory direction finder from 
a practical point of view, though it will be possible in future models, one ot 
which is already under construction,* to take advantage of the experience gained 
to obtain an instrument with lower instrumental and polarisation errors and 
higher pick-up factor. 


Electro-Magnetic Ware Fields Near the Earth’s Surface. Mingins, 
Proc. Inst. Radio Engineers, Vol. 25, No. 11, Nov., 1937, Pp. 1419-1456.) 
(50/63 U.S.A.) 

It is shown that in the case of frequencies where the ground wave is. ot 
importance any indirect waves can be investigated by keeping within the ‘* sky 
wave furrow ’’ of the directional pattern of a loop receptor. Observations 
indicate multiple down-coming waves in the daytime, with marked changes 
occurring toward sunset. Conditions during the day are as a rule steady and 
sometimes resume their steadiness after the sunset fluctuation period. 

During steady conditions observations were made of the field in the neighbour- 
hood of various systems involving boundaries between media of different con- 
ductivities. The results are interpreted on the basis of a steady field upon which 
is superposed a_ perturbation field due to a conductor or anti-conductor ot 
conductivity 

Several ways in which the wave plurality may be accounted for are discussed. 


Transmission Theory of Plane Llectro-Maanetic Waves. (S.A. Schelkumoft, 
Proc. Inst. Radio Engineers, Vol. 25, No. 11, Nov., 1937, pp. 1457-1462 
(50/64 U.S.A.) 

This paper deals with transmission theory of plane electro-magnetic waves in 
free space and in cylindrical regions of arbitrary cross-section. ‘Transmission 
properties of such waves can be expressed very simply in the same terms as the 
properties of electro waves guided by a pair of parallel wires. The earlier parts 
of the paper are concerned with general thecrems and the later parts with their 
application to plane waves in metal tubes of circular and rectangular cross-section. 


Methods of Two-Way Scanning in Televiston. (V. Denisov, Technical Physics 
of the U.S.S.R., Vol. 4, No. 5, 1937, pp. 383-403. In English.) (50/05 

1. Two-way scanning of television images has a number of advantages, which 
tend to improve the quality of the images. The improvement is more marked 
as the number of elements is reduced. 

2. The method shortens the necessary frequency band for high quality  tele- 
vision, and reduces the technical difficulty of strengthening the frequency band 
* This new system has now been completed. As a result of minor modifications in design 

the following performance has been attained: Standard-wave error, 1° to 4°; pick-up 
factor, 4 to 10 metres; instrumental error, 24° (maximum) 
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without distortion. It thus helps to free television from its present defects near 
the lower limits of the short wave range. 

The system of mechanical two-way scanning which has been developed 
permits reception both on mechanical and cathode televisors and may be applied 
for broadcasting television over greater distances when the number of elements 
is between 1.200 and 4.800. 


German Television Exhibits at the Paris Eahibition. (P.M. Delaunay, La 
Science et la Vie, No. 245, Dec., 1937, pp. 474-480.) (50/66 Germany.) 
ihe outstanding exhibit was an example of the combined television and _ tele- 
phone installation which is in commercial operation between Berlin, Leipzig, 
Nuremberg and Munich. In this system the high frequency impulses are trans- 
mitted through a special cable which is highly efficient and regarded as a triumph 
of German electrical engineering. (It is noteworthy that the short length of 
cable joining the television emitter at the base of the Eiffel Tower to the 
radiating antenna at the top of the tower is also of German manulacture. ) 

The author is of the opinion that the German television industry is well ahead 
of that of other countries, and whilst not embodying any new principles, the 
detail design is so well thought out that commercial operation becomes possible. 
Special attention is called to the scanning disk of the telephone installation which 
differs from the normal Nipkow pattern by emploving a rotating lens system 
instead of plane holes. 
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REVIEWS. 
STEELS FOR THE USER. 
By R. T. Rolfe, Published by Chapman and Hall. Price 21/-. 

This book is intended to bridge the gap between science and practice in the 
use of carbon steels, and the author, who is chief metallurgist to Messrs. W. H. 
Allen and Co., Ltd., is thoroughly qualified to write it. 

The tact is that few users know very much about the materials they use, and 
when it becomes necessary to choose a metal for some purpose outside their 
normal experience the choice is little more than guesswork. It is therefore of 
importance that a book should appear which is full of information on all sorts 
of practical points, which points out clearly what happens when the percentage 
of carbon in steel is varied, and which illustrates by example the sort of failures 
which may be expected if unsuitable materials are used. 

It is interesting to note the importance the author attaches to the Izod test, 
and in this the present writer is entirely in agreement with him. At one time 
there used to be arguments about the possibility of avoiding shapes which could 
develop notch brittleness and some people held that if this was done the low 
good as the high. But when cases occurred of small steel 
forgings fracturing when accidentally dropped on a wooden floor, it could hardly 
be denied that the steel was in a state which was unsafe. 

The book should be studied by all steel users, and in many cases they will find 
an immediate financial saving by doing so; for it is not uncommon to find an 
expensive alloy steel being used when a cheaper plain carbon steel of suitable 
composition and properly heat-treated would perform the job equally well. It 
does not follow that if a carbon steel part has failed that it is necessary to resort 
to an alloy steel; it is at least as likely that the failure was due to unsuitable 
composition or heat treatment. In all cases of this sort this book would be 
invaluable, and it is to be hoped that the author will produce an equivalent 
volume dealing with the alloy steels, for there is much miscomprehension among 
users of the precise effect of the various alloving materials. Ingredients with 
long names may be useful as a selling point to customers, but if they are 


Izod steel was as 


unnecessary the use of them leads to waste of money. 


THe AircRART 
By William S. B. Townsend. Published by Sir Isaac Pitman and Sons, 
Lid: ‘Prace 3/6. 

This is a useful little book dealing with the ordinary matters which a bench 
fitter should know. He is told how to harden and case harden steels, how to 
read drawings, how to mark out, something about his tools and the materials 
he would have to work, and also something about soldering, welding, brazing, 
etc. 

Unfortunately there is not sufficient space to enable these matters to be dealt 
with adequately ; for instance, the few pages on drawing would be little use. il 
the fitter had to read a drawing of a complicated fitting. In fact, the book may 
be useful to a complete novice who had little idea of what a fitter had to do, 
but would hardly interest a man who had had a year’s experience. One omission 
in the book is that no attempt is made to suggest the best methods of using a 
file, in fact the tool is hardly mentioned. Although no one can learn the difficult 
art of using a file from a book, yet some idea of how to hold it might be given. 
The book also gives an impression that the fitter’s job is not difficult. Actually 
many of the operations described require practice and skill before they can be 
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done well, and this fact should be emphasised. But, at the same time, anyone 
who is just beginning to learn this trade would find here much that he should 
know. 


FREELANCE PILOT. 
By Norman Macmiilan. Published by William Heinemann, Ltd. Price 15/-. 

lt is pleasant, after perusing books on air adventure by authors who make a 
living by sensational writing, to read one by a pilot who has had adventures 
himself and knows how to describe them quietly and effectively. 

Captain Macmillan has had many years of experience in piloting aeroplanes 
of many types and under many conditions. He is an old war pilot; he has been 
a notable test pilot, which form of piloting requires the greatest skill and know- 
ledge of the art; and he has also accomplished many noteworthy flights, and it 
is with some of these latter that this hook is concerned. 

He will probably agree that his greatest adventure was the landing with a 
stalled engine in the Bay of Bengal and the consequences that followed from it. 
In aviation circles the story has long been known, but it will probably be new 
to many of the public. It is sufficient to say that it was one of the most notable 
adventures which has happened so far to the crew of an aeroplane, and that it 
is told here in a calm and dispassionate manner which adds enormously to the 
strength of the narrative. 

Although this latter adventure is the cream of the book, the whole of it is 
well worth reading. The description of what happened in Spain, and the story 
of the troubles with early aircraft will be of interest to modern pilots who have 
almost forgotten that there may be such a thing as a forced landing. In fact 
this is an excellent book and Captain Macmillan may be congratulated on being 
nearly as good with his pen as he is with a joystick. 


THE AIR ALMANAC. 
(A.P. 1602.) 1937. H.M.S.O. Price 2/6. 

During a long flight, an air navigator may require his approximate position 
in order to check his ground speed. In the absence of landmarks or good wire- 
less facilities, he may have to resort to astronomical methods. 

In the air, speed and convenience are of primary importance. Accuracy is not 
vital. The navigator, working with reduced intelligence under difficult and 
cramped conditions, requires a quick and easy method of evaluating the local 
hour angie. For this purpose the Air Ministry has shown great initiative in 
producing the Air Almanac, specially designed for use in the air. 

In the ephemeral sheets, the sun, moon and four main planets have been 
tabulated in Greenwich hour angle and 50 of the brightest stars in sidereal hour 
angle. Both these are given in degrees and minutes of arc, which is accurate 
enough, and simplifies the calculation of the spherical triangle by methods such 
as Dreisenstok. An ingenious system of loose-leaf pages enables the book to 
be opened at the date of the flight. 

In the permanent part a delightfully simple Pole Star table is provided. As 
an apology, a footnote states that the error should not exceed 1.5’ between 1937 
and 1941. Interpolation tables of Greenwich hour angle and corrections for 
refraction, dip and moon’s horizontal parallax complete the book, and a pocket 
is provided into which a reprint of rising and setting tables for sun and moon 
may be inserted. 

The whole is a very creditable and timely publication, following a year in 
which so many excellent books on air navigation have been produced. 

Agro Auto ENGINE Facts anp Data. 
By H. R. Langman. Published by the Technical Press, Ltd. Price 2/6. 

The object of this book is stated to be the providing of elementary technical 
information for practical men. The information given is certainly elementary, 
but it would really have been much better if this had been a much larger book 
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with numbers of diagrams and illustrations. ‘The reason why it is not is probabiy 
due to the desire to publish at the low price of 2/6, but it is unfortunately the 
fact that the absence of diagrams may make the book unintelligible to those 
whom it purports to instruct. 

Take, for instance, the first page. In the classification of engines the filth 
class is defined as *‘ The H engine with two crankshafts geared together, the 
swashplate, and any other type of engine with cylinder arrangement not cited 
above.’’ Apart from the fact that many entirely different types of engines are 
lumped together in one class, what is the novice likely to learn from this? He 
will learn that there is a type of engine called a swashplate, but he will not have 
the slightest idea of how to recognise it if he ever sees one. ‘This is not the 
way to give information and is an example of the necessity of diagrams. Again, 
heat balance sheets are given of various types of internal combustion engines 
without indicating that these are indicative and will differ materially with the 
design of the engine. The author does suggest that a good engine will be better, 
but an approximate statement like this is not enough. 

A book on these lines might be useful to an engine mechanic who wishes to 
know more about his job and who might wish to study a more advanced manual. 
But as it is written it cannot be regarded as a success for this purpose. 


SYNOPTIC AND AERONAUTICAL METEOROLOGY. 
By H. R. Byers, Sc.D. Published by the McGraw-Hill Book Co., Inc. 
Price 21/-. 

This book is intended for aeroplane pilots and students of meteorology and 
the author is in charge of Air-Mass Analysis Section, U.S. Weather Bureau. It 
is by no means elementary, in fact it is, jn places, rather heavy reading, and it 
seems that it includes a good deal more about meteorology than it is necessary 
for the normal pilot to know. 

The various chapters are concerned with radiation and temperature distribution, 
characteristics of air masses, the general circulation, cyclones and anticyclones, 
changes in air masses with lifting, air masses of North America, air-mass 
analysis on the synoptic chart, forecasting, condensation and precipitation, fog, 
thunderstorms, ice formation, atmospheric turbulence, and finally dust storms. 

The book is well written and its principal interest is that it gives very clearly 
the American point of view on meteorology, with the conditions that are met 
with in that country. The treatment is based on the air-mass analysis system. 


Krause: METALLFAERBUNG. DIE WICHTIGSTEN VERFAHREN ZUR OBER- 
FLAECHENFAERBUNG UND ZUM SCHUTZ VON METALLGEGENSTAENDEN.”’ (The 
Colouring of Metals. The important procedures for the surface colouring 
and for the protection of metal parts.) 

2nd completely revised and enlarged edition. Berlin, 1937. Published 
by Verlag Julius Springer. 183 pages. RM. 7.50. 

The protection of metal surfaces against corrosion is of special interest in 
aviation. This book gives a survey of the essential methods in use at present 
and much practical advice. 

The preparation and finishing of metal parts before and after treatment, electro- 
lytic and other electro-chemical methods, chemical and mechanical colouring (by 
dopes, paints and varnishes) are fully dealt with under reference to patents and 
publications. Unfortunately the cadmium plating now in extensive use over 
here, and the valuable Eloxal procedure which should be of so much interest to 
the aero engine designer are only just mentioned. Otherwise the protection of 
iron and steel (by blueing, parkerising, Atramentol treatment) and light alloys, 
including the anodic oxidation, the stove enamelling methods and the chemical 
protection of magnesium alloys are described. The sherardising and _ related 
mechanical procedures are not mentioned. <A greater part of the book refers to 
the colouring of gold, platinum, silver, copper, brass, zinc, nickel, etc. 
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The 623rd Lecture read before the Royal Aeronautical Society sine: 
its foundation, January 12th, 1866. 


PROCEEDINGS. 


\ meeting of the Royal Aeronautical Society was held in the Lecture Theatre 
of the Institution of Mechanical Engineers, Storey’s Gate, S.W.1, by kind per- 
mission of the Council of the Institution, on Thursday, October 14th, 1937, when 
a paper, entitled ‘** The Hafner Gyroplane,’? was read by R. Hafner. 

In the chair, Lieut.-Colonel J. T. C. Moore-Brabazon, M.C., F.R.Ae.S., 
M.P., Past-President of the Society. 


The CHAIRMAN: Herr Hafner had been five years in this country, and in a 
few vears’ time he would be ‘‘ Mr.’’ Hafner. He was an Austrian, only 32 years 
of age. He designed his first ordinary standard type of aeroplane with the 
idea of competing in a competition arranged by the Royal Aero Club. He then 
passed from that and designed a rotating type of machine which he intended for 
entry in American competitions. His last machine was, for the first time, 
publicly demonstrated at the Society’s Garden Party held earlier in the year on 
the Great West Road. All who saw it on that occasion must have been extremely 
impressed. 

The machine which was going to be described that evening was the gyroplane. 
He welcomed this type of lecture because hitherto aviation as it was commonly 
regarded and witnessed in the sky was really nothing but super-gulls being 
towed by motors. That was perhaps a very rough idea of aviation, but it was 
not an untrue conception. Any new way of getting into the air, therefore, was 
one which he himself would welcome with enthusiasm, because be could not 
believe that the ordinary aeroplane of to-day was the type of machine which they 
and their sisters and brothers and children were eventually going to use as the 
ordinary standard runabout. It was quite true that these other types of machines 
were not looked upon with the enthusiasm which one would expect, but it must 
be remembered that the attention of the country and the brains of aircraft 
designers were at present concentrated upon re-armament. There might come 
a day when politicians became wiser (that would be, of course, when other people 
were in office!) and then this tremendous urge for the standard bomber and that 
type of machine might not be so pressing as it was at the present day. In that 
day even the manufacturer would be looking round for something which he could 
supply in vast quantities for the man in the street to turn him into the man in 
the air. It was because the type of machine which Herr Hafner was to explain 
that evening opened up a vista of possibilities for general flying that he believed 
a lecture of the present type was likely to be of enthralling interest, not only 
to the technician, but also to the man generally interested in aviation as a whole. 


THE HAFNER GYROPLANE. 
By Raovt HAFNER. 
INTRODUCTION. 

Before reading my paper | wish to express my thanks to the President and 
Council of the Society, and my great appreciation of the privilege accorded to me 
of speaking before this expert gathering. 

My ambitions with regard to the subject of this paper were originally very far- 
reaching, but I soon realised that it would be impossible to cover the enormous 


feld falling under the heading of ‘‘ rotating wings,’’ and at the same time to 
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advance sufficiently into detail to escape the criticism that this was merely a new 
collection of facts, already known and very general in terms, and therefore possibly 
only of interest to students of the history of aviation, 

1 have, therefore, confined the paper entirely to the gyroplane on which I have 
been working in recent years, and to material connected with its design and 
developments therefrom which | thought might be of general interest. 

Apart from a certain amount of evidence of early projects concerning helicopters 
and similar apparatus, the rotative wing field is still a young line of thought, off 
the beaten track of conventional aviation, still growing and changing form, and 
therefore presents itself differently to different eves. 

I may, therefore, before advancing to a discussion of one species in this wid 
genus, be allowed to make a few general remarks, even if only to establish certain 
definitions, and to aid a better understanding when dealing later with details. 

The Royal Aeronautical Society was founded at a time when the science ot 
aeronautics, at least as far as heavier-than-air flight was concerned, was stil] 
young, and dealt mainly with the philosophical aspects of the problem. This early 
work provided later the working platform for the aeronautical engineer and the 
foundation of the enormous development of aviation. History repeats itself, and 
to-day, in the field which I propose to discuss, we find a new line of thought 
demanding a fresh philosophical attack on its problems. It is quite immaterial, 
for example, to satisfy oneself at this stage as to whether or not helicopter flight 
with existing engines would be possible or whether or not it will be a paying 
proposition considering that petrol consumption as we know it is thus and thus 
and that petrol to-day costs so much, or whether rotor drives will be reliable, 
neglecting the fact that one can seldom if ever measure the future with the 
limited view of to-day, and the outworn experience of yesterday. It is possible, 
certainly, to anticipate many of the problems of to-morrow and predict solutions, 
by combination of the known facts of to-day, but indication of things to come in 
the more distant future can only be achieved with reasonable probability by a 
process of analytical reasoning. 

The basic characteristic of rotative wing aircraft, particularly helicopters, is 
that the sustentation is independent of the forward speed. Fixed wing machines, 
however far the improvement of the lift-increasing devices may advance, are 
always dependent on forward speed; and this fact at once places the rotative 
winged aircraft outside the field which in our present knowledge represents the 
accepted conception of aviation. 

From this point of view, whatever the advantages or disadvantages of rotative 
winged aircraft, their study has always had an attraction for me. I felt intuitively 
that rotative wings would conquer a great field in aerial transport in much the 
same way as the wheel has done in surface transport. The principle of angular 
displacement of one member of a unit relatively to another, infinitely and con- 
tinuously—the principle of rotation—is the foundation stone of man’s technical 
evolution. Some go so far as to say that in this respect the human brain has in 
fact surpassed its Creator. Nature, as far as Zoology is concerned, has not made 
use of this principle for anatomical reasons, but resorted to other means, whereas 
the animal Homo Sapiens, although in many ways nothing more than a successful 
imitator of his tutor, made in the conception of the wheel a master-stroke himself. 
This discovery was one of the first to bring civilisation into savage society, and 
that civilisation may be said to have run on wheels ever since. Is there no reason 
for assuming that this discovery should not have an important application in the 
latest phase of human evolution—the conquest of the air ? 


HISTORICAL. 

My interest in rotative-wing aircraft dates fairly far back, but it was not until 
1929 that I started with the design of a helicopter (see Fig. 1) which was built 
and made its first flights in Vienna in 1930. ‘This machine had a three-blade 
rotor of ten metres diameter, was of wooden construction and was powered with 
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a 30 h.p. A.B.C. Scorpion engine. In order to counteract the rotor torque, two 
large cambered vertical fins which operated in the slipstream of the rotor were 
arranged in the rear of the nacelle. I realised, of course, very soon that the 
problem in rotative-wing aircraft lay not in obtaining sufficient lift, but in an 
elfective and light control of the rotor with the greatest possible mechanical 


Fig: 1. 
RI. in flight, Aspern Airport, Vienna. 
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simplicity, and all my research since that date has been almost entirely confined 
to the object of obtaining such a control. This first helicopter was, of course, 
nothing more than a test bench, but proved to be of very instructive value as it 
gave me the opportunity to discover many of the peculiarities of rotors. With 
this machine I not only carried out quite a number of short flights or jumps, all, 
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of course, in the proximity of the ground, but I even then discovered with it the 
effectiveness of the rotor as a means of storing energy for the purpose of a kinetic 
energy take-off. With this machine | made a number of jump starts in which 
power to the rotor was only transmitted prior to taking off, and I thereby managed 
to stay in the air up to five or six seconds. 

This machine had, however, rotor blades which for control purposes had or 
one degree of freedom. Apart from their rotation about the rotor axis, they were 
only movable about their pitch changing axis. Having no freedom to flap, the 
produced, of course, gyroscopic couples which became apparent at high rotational 
speeds. The fact that the rotor was attached to a relatively weak and flexible 
pivot masked the nature of these gyroscopic forces which did not become very 
apparent. In a second type which was designed and built a year later, and which 
was in basic conception and size very similar to the first one, but had a metal 
frame and a 40 h.p. Salmson engine, this pivot was made very much more rigid 
with the effect that these unpleasant forces proved to be unsurmountable. This, 
consequently, led me to the adoption of freely hinged rotor blades, which, in 
conjunction with a method of blade control similar to the previous one, brought 
about the basic characteristics of the rotor control of a gyroplane (to use the 
official British class-name for a windmill plane) which was designed in 1934 and 
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A.R. IIL taking-off at the R.Ae.S. Garden Party, May, 1937. 


made its first flight at Heston in September, 1935, piloted by Captain V. H. 
Baker. Further development work was carried out during the following year, 
and in its final form the machine (see Fig. 2a), to which we give the type No. 
A.R. III, had its first public demonstration when Flying Officer A. E. Clouston, 
R.A.F.O., flew it at the Society’s garden party on May oth of this year (see Fig. 
2b). It is important to point out, however, that apart from certain structural 
advantages, aerodynamically there is very little difference between a rotor with 
fixed blades and a rotor with flapping blades provided that the method of blade 
control is correct. My experiences have led me to the conviction that flapping 
movements of blades are not necessarily a desirable feature, but more often ar 
unavoidable attribute of a defective rotor control. In this connection, flapping 
movements of rotor blades in themselves, consisting only of a sine variation an 
producing merely a tilt of the. plane of rotation of the rotor, are not regarded as 
flapping movements in the strictest sense of the term, but only movements o 
higher harmonics or forms departing from the plain sine curve are so defined 


THE HAFNER GyropLaNeE, A.R. III. 
This experimental single-seater is powered with an 84 h.p. Pobjoy Niagara II, 
and weighs 8golbs. fully loaded. The rotor diameter is 33ft., the swept disc bein 
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the 840 sq. ft. and the blade area 20.04 sq. ft., giving a solidity of .0237. The mean 
etic loading per sq. ft. of blade area is 43.6lbs. 
ich \ general arrangement drawing is shown in Fig. 3. The fuselage is of con- 
eed ventional welded tubular construction and the fairing, as may be seen from the 
photographs, is designed both from the point of view of lateral stability in flight 
nly and directional stability and control in vertical descent, sections being approxi- 
ere mately streamline to the airflow in this condition and the rudder hinge being 
hey inclined forward at the top. Single pedals control ‘the rudder and_tailwheel. 
nal Pedal-operated brakes are also fitted. The tailplane is used for trimming only, 
ible and is capable of rapidly assuming a large negative incidence due to the differential 
ich 
gid 
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control provided by the lever, cables and trimming wheel. The differential linkage 
5 provides a fine adjustment at small incidences. The tailplane consists of two 


sae identical planes of cambered section, arranged to counteract torque, the flat surface 
ns being below on the starboard side. The rotor hub is carried on the pylon which 
id has three legs. There is a rotor brake of limited power controlled by a lever on 
ye one of the pylon struts. The rotor drive embodies a manuaily-operated combined 
- friction and dog clutch, mounted on the engine, and a drive shaft, and an auto- 

matic freewheeling friction drive at the pylon head (see Fig. 5). The former is 

engaged initially by the pilot, and slips when a predetermined torque is exceeded, 

permitting the throttle to be opened fully when the rotor has reached maximum 
iT, r.pm. for take-off, when the clutch is disengaged by gripping the trip lever of the 
ng lift lever. The freewheel permits the rotor to over-run or the drive to take-up 
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smoothly in the event of variation in engine speed. The rotor hub consists of a 
partly conical bowl (see Figs. 4a, 4b and 5) concentric with the bore in which is 
fixed the roller bearings on which the rotor revolves. Six radial flapping hinve 
bolts carry the yokes to which the blades are attached. These are interlapped 
(see Fig. 8) in such a way that the hinge axes intersect the rotor axis and each 


Fic. 4a. 


Rotor hub and yoke member. 
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Fic. 4B. 
Rotor head. 


other at the focal point. These yokes carry vertical rocking pins, or drag pivots, 
to which are hinged the blade knuckle fittings, which form tubular arms which 
carry the weight of the blades at rest. The blades are slid on to these arms and 
attached thereto by steel tie-rods, which are screwed into the bore of the knuckle 
fitting, and into the inner end of the outer blade spar (see Fig. 6), the rods being 
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locked at each end against rotation by split tapers (see Figs. 5 and 6). The 
root spar is of relatively large diameter but light gauge, and has a collar built 
up On its inner end which serves as a safety device in conjunction with a nut on 
the root knuckle fitting. This would come into action and carry the centrifugal | 
loads in the unlikely event of the tie-rod failing or stretching. The outer Spar is | | 
socketed into a junction sleeve which in turn fits into the root spar. It is clamped 
into this by means of a nut and is tapped internally to take the outer end of the 
tie-rod, This outer spar is of small diameter of heavy gauge. The blade section ( 
is built up (see Fig. 9) on a longitudinal wooden nosing and another simila: 
wooden strip, bolted to the front and rear faces respectively of the spar, which 


is serrated on these faces to secure firm location of the structure in torsion. The 
| 
| 
} 
} 
“ENGINEERING” 
t 
Rotor hub and control linkage. | 
( 
ribs are of spruce and the covering of plywood. The leading edge is armoured in 
accordance with airscrew practice and this in conjunction with a lead strip in t 
the nose serves to mass-balance the blade about its spar C/L. The blades are 
covered with fabric and doped to a smooth uniform finish all over. The black ' 
control levers are hinged to clamps on the root of the spar (see Fig. 8) and are , 
ball-jointed to the arms of the contro! spider. The spider (see Figs. 4a, 5 and 8) s 
rotates with the blades, being mounted on bearings on a spindle which is uni | . 
versally pivoted on a spherical bearing which lies at the focal point and is carried i 
by the pitch control piston. The spindle is tilted by movements of the hanging V 


control column which is also spherically pivoted in the piston, and the tilting of . 
the spider controls the blade incidence differentially. The piston may be slid up i Ie 
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and down in the rotor axle, this movement being controlled by the pitch control 
or lift lever through a linkage (see Fig. 7). The position of this lever is held, 
over the negative and normal flying range of incidence, by teeth on the quadrant, 
but positive angles above the normal range have to be maintained by the pilot’s 
hand, and if released at these angles the spring of the tie-rods returns the pitch 
and lever to the normal setting. 


CoMPARISON WITH CONVENTIONAL GYROPLANES. 

fhe machine resembles other windmill aircraft in many respects, but differs 
from them both in the design of the hub and blades, and fundamentally in the 
method of control, The autorotation of the blades, the provision of hinges about 
which these may both flap up and down and rock in the plane of rotation are 
common both to this machine and to conventional gyroplanes, as for example the 
Cierva Autogiro C.30, which it also resembles in the principle of obtaining direct 
flving control without ailerons or elevators by inclining the disc of the rotor and 


Rotor blades under coxrstruction, Hafner gyroplane A.R. III. 


thereby tilting the line of action of the lift to provide a moment about the C.G. 
Indeed, the resemblance is greater than at first appears superficially, for the tilting 
of the hub of the C.30 initially causes a cyclic variation of incidence of the blades, 
the maxima and minima of which lie on the axis of the tilt, which causes them 
to align themselves in a plane tilted correspondingly to the tilt of the hub. The 
fundamental difference between the two rotors lies in the fact that the hub of 
the Hafner rotor rotates about a rigid axle through which all the flying loads are 
carried direct to the fuselage, while the variation of incidence is achieved by a 
separate control linkage which enables the rotor to be controlled by light loads 
on the control column, which, as is shown in the mathematical analysis of the 
control and as has been proved in flight, is free from all parasite loads and 
vibrations. 

The variation of general pitch of the rotor is performed by means of the ‘* lift 
lever,’ the properties of which represent a completely novel feature of this aircraft. 
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Used to obtain the direct take-off, to trim the rotor to its optimum rotational speed 
in flight, and to secure complete elimination of the lift on the ground, it is not a 
‘‘ pitch adjustment gear ’’ but a new flying control characterised by a lightness 
and sensitivity which gives the pilot the true ‘* feel ’’ of his manoeuvres. Tests 
of direct take-off under adverse weather conditions have indicated that such a 
characteristic is a necessity to this type of aircraft, particularly considering the 
disturbed airflow when taking off from obstructed areas. 

The ability to feather the blades is achieved by attaching these to their root 
fittings by a torsionally flexible tension member which not only carries the high 
centrifugal loads without the friction and mechanical troubles inherent in any 
conventional form of thrust bearing, but also provides a restoring moment due to 
the torsional elasticity which tends to stabilise the blades at a predetermined 
incidence. 

These important properties of the tie-rods, which are discussed at length in the 
mathematical analysis, make it the paramount member in the rotor design. In 
fact, it is very difficult to imagine any different means which could improve on it 
as it almost represents the theoretical ideal for a method of attaching and 
stabilising feathering blades. 

The proportions of the tie-rods are such that from a stressing point of vicw 
the twisting causes only a very small increase in the stress intensity due to the 
centrifugai load, analogous, for example, to the stresses in a biplane flying wire 
due to the vibrations imposed upon it by the slipstream. A preliminary stress 
analysis indicated this favourable condition, but in view of the importance of this 
member one of these rods was given a very thorough test for possible fatigue 
effects due to the torsional oscillation. A tensile load four times the normal 
operating load was applied to one end through a large roller bearing, the other 
end being rigidly held. A torsional oscillation was applied to the free end with 
an amplitude more than twice the maximum possible in the aircraft, and with a 
frequency approximately four times that occurring in flight. The tie-rod under- 
went about three million reversals (equivalent to about 300 flying hours) without 
showing any sign of fatigue or strain, although one bearing failed in the course 
of the test. The bearings employed were of a size making their use prohibitive 
in the hub of a gyroplane, and this test demonstrated the superior endurance ot 
the tie-rod for this purpose. 

The aerofoil section chosen for the blades has a practically stationary C.P. 
which is positioned on the pitch change axis, the blades being mass balanced to 
bring their C.G. into the same axis. This, with the tie-rod, ensures that the 
blades themselves are stable independently of the control, and were the contro! 
levers disconnected the rotor would behave as a free rotor as employed on gyro- 
planes with auxiliary control surfaces. 

The joystick is connected by a reversing linkage to a spindle which carries the 
control spider. The object of this reversal gear is only to ensure that the move- 
ments of the joystick correspond to conventional practice. All three flapping axes 
of the blades intersect each other, as has been described, at the focal point which 
lies in the rotational axis of the rotor. Thus the plane of rotation of the rotor, 
however it may lie relative to the aircraft, always contains the focal point. The 
control spider is also tiltable about the same point. During rotation the three 
arms of the spider describe a circle which is termed the control orbit. In steady 
flight the plane of rotation of the blades contains this control orbit. When, 
however, through a control movement, the spider is tilted, a cyclic variation of 
incidence is imposed upon the rotor blades which causes them to assume a new 
plane of rotation which coincides with the new position of the control orbit. 

In a freely flapping rotor with plain hinges it is well known that in forward 
flight the blades automatically adjust themselves to the variations in speed, their 
inclined plane of rotation or upward movement on the advancing side having the 
effect of reducing the angle of attack and their downward flapping of increasing 


THE HAFNER GYROPLANE. 11S 


it and thus having a stabilising effect counter to the forces producing flap. The 
control linkage of the A.R. III provides a more positive stabilisation, as will be 
demonstrated in the film and discussed in the mathematical analysis. 

For a blade whose flapping hinge is arranged at right angles to its longitudinal 
axis, Which would represent a control advance of ninety degrees in a Hafner 
rotor, the frequency of the stabilising forces is the same as that of rotation. 
As the flap-producing forces have the same frequency as that of a higher harmonic, 
it is obvious that resonance occurs during rotation of such a blade. However, 
the control advance of the spider has an effect which increases the frequency ot 
the stabilising forces, thereby avoiding the above-mentioned resonance, the result 
of which is a smaller flapping amplitude and an improvement in the general 
efficiency of the rotor. 

Ihe design of the blade spars which represent practically the whole weight of 
the blade gives a high mass moment of inertia about the axis of rotation, thus 
forming a good energy-accumulator for direct take-offs. 

The small diameter of the outer spar enables a section of low depth and con- 
sequently small chord to be employed. The solidity of .0237 of the rotor of the 
A.R. III is lower than any previously reported, even for two-blade rotors. The 
low solidity produces a relatively high rotational speed, giving a low tip-speed 
ratio for high forward speeds and, in conjunction with the great mass moment 
of inertia, an extremely small coning angle, both of which have a decided effect 
on the efficiency of the rotor in forward flight. The flexibility of the lifting portion 
enables the lift and centrifugal forces to balance out along the length without 
inducing bending: stresses in the tube. 

\lthough it is theoretically possible to completely control a rotative-wing aircraft 
by rotor tilt alone, the yawing moment is inseparable from a rolling moment, and 
for certain landing manceuvres it is desirable to have an independent directional 
control. The A.R. III is therefore fitted with a rudder, the inclined hinge line of 
which ensures control even during vertical descent. 


Tue Pitcn Controu In Direct TAKE-OFF AND LANDING. 

The A.R. IIL is capable of an energy-assisted take-off. One form of this has 
been demonstrated by other rotating-wing aircraft provided with pitch changing 
means, in which the energy stored in the rotor when spun up to a speed in excess 
of normal flying r.p.m. is converted into lift by practically instantaneous alteration 
of the incidence of the blades from a no-lift angle to the normal autorotating 
setting, and the machine leaves the ground from a state of rest in a vertical 
direction, picking up flying speed from the top of this jump. In the A.R. III, a 
different technique is normally used, made possible by the fact that the lift lever 
places both the instant and the rate of pitch change fully in the control of the 
pilot. The reason for this is that the ‘‘ jump *’ type of start has several dis- 
advantages which reduce its effectiveness as a practical means of getting out of 
a confined space, since it usually involves a loss of height to regain speed and lift 
after reaching the peak of the first leap, so that although it would enable the 
machine to clear a hurdle immediately in front of it, it would not help it to 
clear a higher obstacle a little distance away. When a “‘ jump ’’ start is made 
direct from rest, the rotor operates through the whole of the jump in its own 
induced airflow, the downward velocity of which relative to the machine is 
increasing as the machine accelerates upwards. The pitch of the rotor, however, 
in the types employing this form of start remains constant after its first change 
from zero, with the result that the angle of attack of the blades is progressively 
diminished during the jump, and the effective thrust of the rotor reduced, approach- 
ing zero at the top of the leap. Thus the energy is dissipated before the airscrew 
is able to accelerate the machine to a forward speed sufticient to provide adequate 
lift to continue climbing from the top of the jump. Further, in such a jump as 
demonstrated, the change of pitch has been automatic and sudden, liable to give 
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rise to unpleasant accelerations, and converting the energy inefficiently owing to 
heavy energy losses caused by the high induced airflow. With the pitch control 
of the A.R. III, however, the pilot may regulate the rate of change in order to 
convert the energy more gradually and steadily and keep the acceleration at a 
low value, thus taking advantage of the proximity of the ground which reduces 
the induced flow, consequently keeping the energy losses to a minimum. 

The procedure when taking off is as follows: With the wheel brakes on, the 
pitch control lever is set forward to the non-lift angle and the rotor clutch is 
brought gradually into engagement, where it is held by a pawl. When the rotor 
reaches the required rotational speed in excess of that of autorotation, the throtile 
is fully opened, the clutch automatically slipping to permit this, and the pilot 
grips the pitch control lever, thus releasing the trip of the clutch. He then eases 
the lift lever backwards, ‘‘ feeling *’ the machine into the air. The period over 
which the control is operated varies with the prevailing wind conditions being 
shorter when the wind enables flying speed to be reached more rapidly, and the 
machine ‘‘ towers ”’ steeply into the air; or it may be extended over about four 
seconds, enabling the machine, as may be seen later in the cine film, to take-ofl 
even in still air with no forward run. It will be noticed in the take-offs illustrated 
that the machine climbs directly forward and upward, and that any apparent run 
is simply due to the wheels dropping to the limit of the oleo legs. The climb con- 


s TOWERING 


tinues steadily directly from the take-off, the normal angle being about one in th: 
Phe take-off may also be varied to suit the ground surface. Should this be very 
rough a rapid initial movement of the lift lever will raise the machine clear of the 
excrescences, while a gradual conversion of the remaining energy will hold it in 
the air until flying speed is reached. The pitch control may also be used to enable 
a landing to be made from the vertical sink, though this is not shown in the film. 
\s the machine nears the ground, the pitch control is moved backwards over th 
positive range, and the increase in lift reduces the sinking speed to permit a gentle 
landing without run. Directly after landing the lift lever is set forward, elimin- 
ating the lift of the rotor and the machine may be taxied with the rotor spinning 
in any wind without risk; in fact, it is normal practice with this machine to allow 
the rotor to run when taxying as this allows the centrifugal force to relieve the 
bending loads in the spars when crossing bumpy ground. 

Fig. ga demonstrates the difference between typical ‘‘ jumping ’’ and ‘* tower- 
ing *’ take-offs under similar conditions of low wind speed and identical over- 
revolutions. (Note.—.A film was shown to demonstrate how by an abrupt move- 
ment of the lift lever the machine leaps into the air and regains flying speed. 
lhe towering take-off performance by the gradual use of the lift lever was also 
shown. The numbers indicate on each path as they come up the point reached 


each second (Irig. Qa). 


MATHEMATICAL NOTATION. 
In the mathematical analysis discussed in this lecture the following notation is 
employed :— 


JUMPING“ 
5 1 
START 
Fa. OA. 
| 


viewed from above, and the datum for phase angles, etc., is taken as the radius 


OX 
is cle 
blad« 
coell 
rad 


{ 
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e rotor is assumed to rotate about a centre O in an anti-clockwise direction 


on the C/L of the machine to the rear of the rotor disc. The control orbit 


fined as the locus of the ball joints of the spider arms as they revolve. The 
orbit is the locus of a corresponding point on the blade axis. Absolute 
cients of lift, drag and moment are employed. All angles are expressed in 


ns. 


1=area of swept disc of the rotor. 


|, =area of one blade. 
a coefficient. 
tz = incidence of rotor disc. 


1, = blade tip incidence relative to plane of rotation of hub due to control. 


u,=angle of attack of blade element. 


I 


1,=blade tip incidence relative to plane of rotation due to control. 
inflow angle relative to a surface element of the rotor disc. 
incidence of a blade element relative to the plane of rotation. 
angular deflection of induced air flow. 
a coefficient. 


+=the direction of the vector representing the resultant moment on the 


spider expressed as an angle relative to OX. 

the chord of a blade at any point. 
» =the chord of a taper blade at the tip. 

the chord of a taper blade at radius r. 
‘p> Cyr Cop, Cp, and C,=absolute coefficient of lift, drag, moment, 

profile drag, induced drag and skin friction respectively. 

!)=drag of blade (parallel to air flow). 
I), =drag of blade in plane of rotation. 
)),,=drag component of rotor thrust. 
).,=rotor drag due to skin friction. 


6=coning angle measured from the plane of rotation of the hub. 


«= gliding angle or C,/C;, of a blade element. 


coefficient correction factor. 
angle of control advance, 7.¢., angle subtended at the centre of the hub 

by the point on the control orbit where the blade lever is jointed 
and the longitudinal axis of the blade. 

|—mass moment of inertia of a blade about its pitch-changing avis. 

i; coefficient representing the elasticity of the tie-rod. 

lift of a blade (normal to air flow). 

/.,=thrust of a blade (normal to plane of rotation). 


\=tip speed ratio or v/Ro. 


\!, =drag moment of blade about rotor axis. 

\ly= weight moment of blade about flapping hinge. 

\f, =lift moment of blade about flapping hinge. 

moment acting on spider (suffixes I and T represent those due to inertia 

and tie-rod respectively). 

/.=moment of tie-rod about pitch-changing axis. 

\/.=mass moment of blade about flapping hinge. 

\!;=moment due to inertia of blade about pitch-changing axis. 

= oscillating motion, relative to the plane of the hub of a spider arm ball 
joint. 

u direction of the vector ] expressed as an angle relative to the origin 
line OX. 

\'=number of blades in a rotor. 

i flapping motion of a point on a blade orbit relative to the plane of the hub. 


v direction of the vector 1] expressed as an angle relative to ON. 
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»=angular velocity of the blade or rotor. 

point in the rotor disc. 

p=rotor disc loading. 

T= 3.14150. 

u= phase angle of the blade in its orbit measured from OX. 

R=radius of blade tip. 

r=any other radius. 

p=absolute density of air. 

=solidity of rotor, i.e., blade area/disc area= NA,/ A. 

T=thrust of rotor. 

t=unit of time. 

R. 

v=translational velocity. 

v;=inflow velocity through rotor. 

v,=tangential speed through rotor. 

Ures =Tesultant air velocity relative to a blade element. 

speed parallel to blade span. 

v.= speed parallel to blade chord. 

[=vector representing a tilt of the control orbit relative to plane of rotation. 

][=vector representing a tilt of the plane of rotation relative to plane ot 
rotation of hub. 

XX'’=axis parallel to the direction of flight. 

YY’=that normal to the direction of flight. 

ZZ' is an axis at right angles to the control spider arm. (Suffixes x, v and z 
represent factors and moments related to the axes.) 


THEORY OF THE RoToR. 


This analysis differs from earlier similar publications in so far as the behaviour 
of an ** ideal ’’ rotor is assumed as a premise, and the shape of rotor blades, their 
control, etc., deduced therefrom, and finally investigations are made to ascertain 
as to how far it is possible in practice to approach such an ideal rotor. 


The first consideration is the distribution of lift over the rotor disc. [1 is 
obvious that if this is constant everywhere over the disc the flow through the 
disc will be uniform. And, as a uniform flow is obviously associated with the 


minimum loss of energy, a constant lift distribution would be desirable. Further, 
this would give an elliptical distribution of lift over the span, which in accordance 
with the wing theory would ensure a minimum of energy loss dué to induced 
air flow. The distribution of lift along the blade span from a uniform rotor 
disc loading can be found as follows. The rotor disc loading is p, then the lift 
of a narrow ring of radius 7 and width dr is 
dT, = p2axrdr (1) 
N blades share evenly in this lift. Consequently the lift of one blade element 
of the width dr at a distance r from the centre is 


The lift of this blade element can be expressed 


where v,,, is the speed parallel to the chord. It consists of the speed rw duc to 
the angular velocity of the element (where w is the angular velocity of the rotor 
and the speed component from the translatory speed of the rotor, which as can be 
seen from an analysis below is v sinw giving 
= tw +v sin : (4 
dA is the area of the blade element which is cdr (where 
from (2), (3) and (4) 


is the chord). ‘| hen 


Cf (p/2) cdr (rw +v sin w)? paardr/N. 
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Cye= { (p2z)/(p/2Nw) } { r/(r+v/w sin Vv)? } 


Cye will vary with 


From an efficiency point of view it would be desirable to retain the lift coefficient 

(, constantly at an optimum value. This would make ¢ a variable dependent 

on ras well as (v/w) sin y. In practice it is impossible to vary the chord with 


the phase angle ¥ of the blade. Considering, however, a condition of flight for 
which v/w is close to zero then this term may be neglected and (5) becomes 

This indicates a blade, the chord of which varies inversely with the distance 

from the root, and which will fly with constant C,, along the blade span when 

the aircraft is hovering or descending vertically. In forward flight, however, 

a certain variation of (, would be unavoidable. This is a practical proposition 


| 


and an assumption to this effect is here made. Fig. 10 shows a blade, the chord 
of which increases towards the root as follows :— 
It is assumed, however, that the carrying portion of the blade lies only between 
3h and R, the root portion being a non-lifting streamline section, in order to 
avoid the physical impossibility of c,=a at the root. Thus the carrying disc 
has the form of a ring with uniform disc load. Its spanwise loading will be 
in close approximation to an ellipse. The carrying area of this disc is then 


and the area of the carrying portion of the rotor blade is from (7) 
(R/r)dr=1.204 Re, . (9 
3R 


Thus the solidity of the rotor (which is the ratio between the area of all rotor 
blades and rotor disc area) is, if N rotor blades are employed 
o=1.204 NRe,/.91 R?z=(1.325/z) N (10) 
\x \NALYSIS OF THE VERTICAL DESCENT AS A BASIS FOR THE FORWARD FLIGHT 
CASE. 


The case of the vertical descent is considered first. The flow through the 
disc is vy. The speed of the blade element dr at a distance » from the root Is 
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ro. As v, is small as compared with rw the usual simplifications of trigono- 
metrical functions for small angles are here employed. Then the inflow angk 
3 (11) 

The lift of the blade element acting at right angles to the flow is dL and the 
drag of the blade element acting parallel with the flow is dD. Then the gliding 
angle of the element is 


Up Tw 


The thrust of the blade element acting at right angles to the plane of rotation 
is (see Fig. 11) 


dL 


PLANE OF 


op 


11. 


and the rotative drag acting in the plane of rotation is 
dD, = le - ar) =dL (e€—a,) (14) 


The thrust of this blade element can be expressed 


and substituting for ¢ the expression from (7) 
dL, == (p/2) CpRw?rdr (16) 
and consequently the thrust of the whole blade 
R 
L,=C, (p/2) cgRw? | rdr= Ly =(.91/2) C, (p/2) (17) 
BR 
Thus the thrust of the whole rotor comprising N blades is 
T =(.91/2) C, (p/2) Ne,R*w? (18) 


which becomes, on replacing the expressions of (8) and (10) by A and o 
respectively 


T = .377 C, (p/2) cA (Ro)? .. (19) 
The rotational drag of the blade element from (14), (16) and (11) 
dD,=Cy, (p/2) cgRw? (e—v_/rw) rdr 20) 
and the moment of this drag ' 


adM,=C, (p/2)c,Rw? (€—v;/1Tw) r?dr {21 
R LP R 
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and for the whole blade, 


R 
M,=C, (p/2) cghw? | v,/Tw) Mp=.40 C, (p/2) (.71 Re—v;/w) (22) 


In a freely rotating rotor this moment must be zero. Consequently 
-7I Re U./w Or Rw I.4I (22) 
Substituting this value for Rw in equation (19) we get 
T=.191 C, (p/2) oA (v,/e)? =T=.191 (C,3/C,,7) (p/2) (see equation (12)) (24) 
rhus the flow through the disc is (if 7/A4=p= dise loading of rotor) 
2.290/ { (2p/ pe) } (25) 
The energy absorbed by the rotor per second is v;7 and in order to obtain a 
minimum of energy losses in vertical descent for any given thrust the disc loading 
p must be as low as possible, the solidity 7 as high as possible, and the familiar 
expression C),°/C,° a minimum. A suitable choice of aerofoil and optimum lift 
coefiicient C,, ensures a sufficiently low value for C,,,7/C,°. 
The angle of incidence or setting required along the blade span in order to 
ensure a constant a, can be easily evaluated, 
a, Ap — Of . (20) 
and from (11) and (23) 
and finally the rotational speed of the rotor from (19) 
w= (1.63/R) ¥ (2p/C, po) (28) 
The coning angle 6 of a ‘‘ freely flapping ’’ rotor blade is the angle at which 
the weight moment and the moment of the centrifugal force of the blade counter- 
balances the lift moment. If My is the weight moment of the blade and M,dw? 
the moment of the centrifugal force, and M, the lift moment, which can be 
evaluated from (16), then 
and the coning angle 6 is 
(1/w?) { (M,—My)/M, } (30) 


( 
THe ANALYSIS OF FORWARD FLIGHT. 

Owing to mathematical complications in the arithmetical analysis, the case of 
the forward flight is here analysed mainly by the use of graphical methods. Such 
an analysis, although more elaborate than the arithmetical one, has on the other 
hand the advantage of having a more illustrative value, particularly where 
functions appear to be more complex. The main characteristic of this analysis 
is that conceptions in the vertical descent case are, as far as possible, transferred 
into this case, particularly the uniform lift distribution and the constant angular 
velocity. Such conceptions automatically give the picture of a rotor, the blades 
of which describe a cone of circular base of quite the same form as in the 
vertical descent case, but the incidence of the blade elements will no longer be a 
function of the distance from the root only, but more generally a function 
of (r, JU) the position in the disc. Apart from this the lift coefficient C, and 
with it the gliding angle e will be a function of the same parameters. Broadly 
speaking, this analysis consists of the calculation of values for four points of the 
blade along the span, in eight positions in the orbit, making altogether thirty-two 
points. With these results graphs are produced and after the necessary integra- 
tions the mean drag moment is obtained. ‘This operation is carried out two or 
three times with different values for ap, the angle of incidence of the rotor disc, 
thus giving two or three mean values of drag moment of the rotor blade. With 
these values the zero drag moment equation is performed, again graphically, 
giving the correct value for a,. From these the function for the angle of 
incidence of the blade element is evaluated. Finally an investigation is made 
as to how far it is possible in practice to achieve the required incidence variation. 
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The more complicated problem is the definition of the induced air flow. At 
present I am working on such an investigation based on the assumption of a 
uniform loading over the ring-shaped rotor disc. In the present analysis, how- 
ever, an arbitrary assumed flow, based on the familiar wing theory, is substituted 
for the actual air flow. 

Assuming that the lift is produced along a straight line lying spanwise from 
blade tip to blade tip and has elliptical distributions, and assuming that the flow 
is straight chordwise, at least over the rotor disc, then one can write for the 
angle between the induced flow in the proximity of the rotor and the undisturbed 
flow (for small angles) 

(31) 
and a, is the same for any point in the rotor disc. 


aj=t 

It is pointed out, however, that such an assumption is not an essential. And 
this analysis will permit the use of any function (r, W) for aj, and a; may be looked 
upon as being either constant or a f(r, ¥). Fig. 12 gives a plan view and side 
elevation of the rotor in the air flow. The air speed v at a surface element of 
the cone swept by the blades may be resolved into a component v; normal to it 


PLANE OF 
| ROTATION. 


dp XF 


FIG. 13. 


which is the inflow speed at this point and a component x, tangential to it. As 
all angles in question are relatively small, the usual simplifications on trigono- 
metrical functions for small angles are employed. Thus 


v,=vcosf{=v. ‘ ; (32) 
. ‘ (33) 

It can be seen that for any point in the rotor disc 
{=a,-—a,;—Scosy . (34) 


(the side elevation in Fig. 12 shows the inflow conditions at a point P in the 
disc where —6 cos y=8). 
Thus 
(ag—a,—4 cos ‘ 4 (35) 
The plan view of Fig. 12 shows a rotor blade and a blade element dr in the 
air flow, and it is apparent that v, (v,=v) can be resolved into two components, 


dD 
dL- 
| 90" 
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one parallel to the span of the blade 
and the other parallel to the chord of the blade 


It is obvious that v, has little or no effect on the aerodynamic properties of 


the blade element apart from its skin friction. This has no influence on the 
rotation of the rotor, but produces only a force in the direction of the blade 
span, contributing to the drag of the rotor, which will be considered later. The 


component v,, however, is the aerodynamic effective speed component for this 
consideration, and to this is added the air speed over the blade element duc to 


rotation which is rw if r is the distance of this element from the root and w is 
the angular velocity. Thus the resultant speed is 


and the inflow angle is then with (35) (see Fig. 13) 
tan . : 39) 
and considering that a; is small and further substituting ARw for v in which 
A is the tip speed ratio, and expressing r in terms of Iv 
then (39) becomes 
a;=(ay—a;—96 cos w)/(z7/A+ sin {1 
In order to obtain the drag moment of the rotor blade we proceed as follows :- 
I 
The thrust of the blade element is by analogy with (15) 


dL,=C'.p/2 cdr (rwt+vusiny)? . (42) 
The assumption made in the introduction of the vertical case analysis permits 
the use of equations (16) and (17) in order to find an expression for dL,/dr. By 
dividing (16) by (17) we have, after suitable arrangement, 
dL,/dr=2.2 (Lar/R*) 
and as L,=T/N 
(43), however, has only validity in the forward flight case if 
(Tw + U sin w)? C, (Tw)? 
or 
C, rw/(rw+v sin v) } ‘ (44) 


n other words C’, is a variable, dependent on the parameters vr and ¥. One 
In otl is C!, is av ble, d lent the p ret and 4 
might term the expression after C, in (44) a correction factor F which can be 
expressed as 


F= {1/[1+(A/r) siny]}?. (45 
Then in order that (43) will be valid C’, must be 
CLF ; (46 


F as a function of w is shown for A=.2 and various 7 in Fig. 14. 
We can therefore substitute equation (16) for (42) and from (16) we arrive at 
the expression for rotor thrust 
T=.377 C,(p/2)cA (hw)? (47 
always remembering that C,, in this equation is the ‘‘ basic ’’ value of the various 
C,, in the rotor disc, the connection between C’, and C,, being expressed in (45). 
The drag of the blade element by analogy with (14) 
e is the gliding angle; 
e is of course a characteristic of the aerofoil employed. However, it 1s 
important to note, that C’, is a variable which is particularly high for small 7 
and has very low values for large 7. This indicates from the point of view of 
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icy, the use, near the root, of an aerofoil with a high C, max., particularly 


> 
ularly for low values of C,. Broadly speaking, such conditions may be 
ed by a suitable variation of fineness ratio along the blade span, starting 
a thick profile near the root, which becomes progressively thinner towards 
p. Apart from this a compromise with regard to A must be made. It 
be considered that a large X produces a large range of C,, and with it a 
1ean value for e, and too small a A, on the other hand, although decreasing 
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for various 7 and AX. 
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inge of C,, moves it towards values which are too low, again giving a bad 


shows e for the profile N.A.C.A. 23012 as a function of wv 
The curves in Fig. 15 are developed from a ‘‘ basic *’ 


-4; (48) with (43) gives the drag of the blade element dr 


dD, = 2.2 (Tr/NIt?) (e— a4) dr (50) 
and its drag moment is 
dM, 2.2 Tr? /NR? (e—a,) dr 
and with (go) and (41) 
dM,=2.2 (TR/N) { e—(a,—0;—8 cos v)/(7/A+sin } (51) 
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/ 


The drag moment of the whole blade for a given y is then 


1 
M,=2.2 (TR, N)| (52) 
3 
and the mean value for the drag moment over the rotor disc is from (52) 
or 
= 2.2 (TRIN) (1 2z)| | { } r2drdy (53) 
o 
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FIG. 15 


The integrations in (52) and (53) are carried out graphically. The factor 
2.2 Th/N being irrelevant is neglected. Prior to this operation it is necessary 
to make an assumption (1) for ap giving a certain Mp mean (1). The same operation 
is carried out, assuming a higher or lower value for og as may be required, at 
least a second time (2) and preferably a third time (3) giving one or two more 
values for My mean! — 


(2) 

Mx mean (3). 

These values are plotted against o, and a curve drawn through the three points 

as shown in Fig. 16. Then the point of intersection between the curve and the 

a, axis represents the condition of a freely rotating rotor giving the correct 

value ag, for incidence of rotor disc relative to the air. The angle of incidence 
of the blade element o, is an analogy with (26). 

Qs Ap — af 54 

a, is here a variable, dependent on C’,. The relationship between a, and (|, is 

established by dC,/da,=2- (theoretically), which considering small losses in 
practice may be taken as 

dC,,/da,=6; or a,=C,/6 


| 
| | 
| | 
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(a, being counted from the no-lift angle). Thus from (54) and (55) the required 
angle of incidence for blade setting (relative to the plane of the cone) in forward 
(=o) flight 


a,=(C,/6) F —(ap,—a,—8 cos ¥)/(7/X+ sin (56) 
The thrust T of the rotor is resolved into two components (see Fig. 12). 
(a) The lift L of the rotor 
(53) (b) The drag component of the thrust of the rotor 


Additive to the latter component is a drag due to skin friction owing to the 
velocity component v, (see Fig. 11). The skin friction dDs on a blade element 
dr is then expressed by 

dDs=C, (p/2) dSv. 
wherein C, is the skin friction coefficient and dS is the surface of the element. 
This expression may be written as 


dDs=C, (p/2) 2 cdr (v cos (59) 
‘| 
\ | | 
N /Mea mean | | | 
4 | | | | | 
| 
| 
1 
o5 
| 
| 
| 
An |-O5 10 2 25 
4 
Fic. 16. 
tor Thus the skin friction of the whole blade 
ary R 
Ds = C, (p/2) (v cos x 2) cdr = Ds = C, (p/2) 2 Agu? cos? 
ore 3R 
in which A, is the blade area. For all blades of the rotor, therefore, using the 
terms for rotor disc area and solidity, one can write 
C, (p/2) 2 Acv? cos? : (60) 
nts 


D, is a vector lying along the blade spar. It is a tension (positive) between 
the v¥=(3/2) s and 47 and a compression (negative) over the other half of the orbit. 


ect Resolved into two components, D,, parallel to v 
7/92 
De. | = C, (p/2) 2 cos? (61) 
1S 
in 
D,, | = —C, (p/2) 2 Acv? cos? . : (62) 
55 12 


< 
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( | indicating the range of validity owing to the change of sign) and / 


at right angles to v:— 

Dy = Cy (p/2) 2 Acv? cos? sin : (63) 
both D,, and D,, will vary with ¥. Integrating with respect to Uv over the disc 
and dividing by 27 produces the mean value for D,, which is zero. Thus there 
is no lateral force due to skin friction. The same operation carried out with (61) 
and (62) gives 


(C,p/2) (Aov?/z) (| cos® udy — | 


2 - 
> 
SR (8 3 


which is the drag due to skin friction. 


) (p 2) 4 (64) 


The total drag XD, of the carrying portion of the rotor blades is the sum of 
D, (from the rotor thrust) and D,, (from the skin friction). Thus with (58) and 
(64) we obtain 

. (65) 

Finally, the angular velocity of the rotor may be written (from (19)) as being 

w= {(27/.377 C,poA)/R} (66) 
in which C, is the ‘* basic ”’ C,. 

It is apparent that so far the root portion of the blades has been entirely 
neglected. Consideration shows that the rotational drag of this part of the blades 
is negligible as compared with the carrying portion, and may therefore with 
justification be neglected. As regards the drag of the root portion of the blade 
due to forward speed an estimate can be made, and this can be combined with 
the drag of the rotor hub and added to the parasite drag of all the other parts of 
the gyroplane (fuselage, undercarriage, etc.). 
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!he analysis of the forward flight case is now illustrated by practical example. 
The aerodynamic forces on a gyroplane rotor of diameter of fourteen metres 
which carries a load of a thousand kilograms are evaluated. 

The profile employed is N.A.C.A. 23012, s=.03. A ‘‘ basic’’ C, of .4 and 
a tip speed ratio of A=.2 are assumed. We can then calculate from (66) :— 


and with A=.2 


a, (from (31)) 
aj = .020. 

The next operation is the evaluation of (N'/2.2 TR) (dM,/dz) from equation (51 
for a sufficient number of points (W, 7) giving a series of curves similar to the 
ones in Fig. 17. This operation is carried out three times for three assumed 
values of ag, 


(1) 
-150 (2) 
+225 (3) 


which, after integration which is carried out graphically, give three values for 


{ .100 (1) 
(N /2.2) (Mp -O44 
— 3 


For 


OF 


18. 
Drag moment distribution over rotor disc, forward flight. 


These are plotted in Fig. 16, the curves giving (N/2.2) (Mp mean/TR) against 
a. It can be seen that the zero moment condition is satisfied for 
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With this result the total rotor drag can be evaluated from equation (6s). 
Assuming C, is .cog then {D,=199 kg., which gives a lift drag ratio of about 
five. ap, with equation (51) gives the distribution of the rotor drag moment which 
is shown in Fig. 17 against w for various 7. The distribution over the rotor disc 
is given in Fig. 18, the shaded area indicating the driving or accelerating portion, 
whereas the blade element in the rest of the disc area is driven. In the vertical 
descent this area is a circle concentric with the rotor disc which, broadly speaking, 
with increase of A and § moves forward. 

With ag, and equation (56) we obtain the theoretically required variation of 
incidence over the rotor disc. This is shown in Fig. 19 plotted against y for 
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FIG. 19. 


various 7. Generally speaking, a minimum for a, lies in the forward quadrant, 
{2), of the advancing side and the maximum a, lies practically opposite to it. 
There is further variation of a, along the blade span, in the sense of a decrease 
from tip to root, particularly in the 2nd quadrant. The question arises now of how 
far it will be possible to satisfy such requirements. The curves indicate a controlled 
cyclic variation of blade twist which is almost impossible in practice. —\{ter 
this a fixed blade twist and superimposed on it a cyclic variation of suitable form 
by means of a suitably shaped swash plate would be the next approximation to 
the theoretical requirement. However, a given swash plate would only suit one 
condition of flight. Thus, in practice, the possible variation of a, (being a 
harmonic variation with Ww), combined with the fixed blade twist (variation o! a, 
with 7) which would be the next step after the swash plate and would suit equall) 
any condition of flight, does not satisfy fully the theoretical requirements, with 
the result that ‘‘ flapping ’’ of the blade occurs. The nature of such ‘ flap ”’ 
is, however, very complicated, particularly for high tip speed ratios (when the 
blade sections near the root are partly stalled), and large coning angles. 
With my method of blade control, apart from the use of a fixed blade twist, 
a variation of incidence of the form 
cos¥+b, sind 
{which is a harmonic variation), can be obtained. A modification of this basic 
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form by means of certain combinations can be achieved, the nature of which, 
however, I cannot discuss at present. Fig. 21 shows a variation of oa, in 
accordance with equation (67), referring to the control of the blade tip, the 
coellicients d,, a, and b, being chosen in order to bring this curve as closely as 
possible into alignment with the theoretical curve, and Fig. 20 shows a suitable 
variation of incidence towards the root evolved from similar considerations. With 
such incidence variation and blade shape, we have satisfied the theoretical require- 
ments as far as is possible under the circumstances, and the next section deals 
with the blade linkage which is used to obtain such an incidence variation. 
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29. 


AN ANALYSIS OF THE HAFNER Rotor ContTROL. 
(1) The Control Forces Due to the Reaction of the Tie-rods. 

The object of this mathematical analysis is to determine the forces acting on 
the control spider when controlling a rotor consisting of three blades. The 
blades produce no moments about their longitudinal or pitch change axes due 
to (a) aerodynamic forces, because the blades are fitted with aerofoil sections, 
the centre of pressures of which lie always on a straight line coinciding with the 
pitch change axis; and (/) weight and centrifugal forces, because the centre of 
gravity of each blade lies also in this axis. Since the forces due to the moment 
of inertia of the blade about the pitch change axis are discussed later, the only 
factors which need to be considered are the geometry of the control linkage and 
the properties of the tie-rods which are employed to anchor the blades to the 
hub. When the blades are at rest they are supported by radial bearings which, 
however, are of no importance for the purpose of this investigation. 
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\ periodic variation of blade incidence relative to the plane of rotation of the 
fixed hub is assumed, which may be expressed by an equation of the form 
. : (68) 
The tie-rod is so adjusted that for a, zero there is no torsional strain in 
For any other angle, however, within suitable limits it produces a returning or 
stabilising moment of the form 
This moment acts about the blade axis and is positive if it turns in an anti- 
clockwise sense viewed from the blade tip. The vector M, of this moment is 
shown in Fig. 22. The blade is connected to the arm OA of the spider through 
the blade lever AB. The angle between the blade axis and the axis of the arm 


ERRATA. 


| 
| Note.—In Fig. 22 for 
M read M, 
| M, read My, 

tead 
read 


22. 


OA is ¢, which is the angle of control advance. This angle may vary from zero 
to ninety degrees and even slightly more. Through the linkage the restoring 
moment of the tie-rod is transmitted to the control spider. The moment \/y. 
acting on the control spider from this one blade is expressed 
M,,/M,=OA/AB=1/sin M,g=M,/sin ¢ (70) 
M,s is acting about an axis ZZ! at right angles to the arm of the control spider. 
rhe vector M,, of this moment is shown in Fig. 22 on this axis. From (68), 
(69), (70) we have 
| Mag | = —(%/sin $) (dno t+ dn, COS P+ by, sin Y) 71) 
This is an expression for the absolute value of this vector. Its position is 
determined by the axis ZZ’ which can be expressed by the angular co-ordinate 
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(68), 
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Resolving into two components on a rectangular system of co-ordinates NN’! 
and YY’ (see Fig. 22), and considering that the moments about these axes are 
positive if when viewing from NX to X’ and Y to Y’ respectively they turn anti- 
clockwise, we have then from (71) 


z=cos (¥+@—90)=sin (W+¢) . (73) 
y=sin -90)= —cos ; ; (74) 


(hus the components of the moment in the control spider due to control of 
one blade are 


M sin (v t —(k/sin ) (Ao + COS v4 Da, sinw) sin . (75 
M Mag cos (dno + ay, COS by, sin UV) cos . (76) 
Thus 
by, (sin? cot @+sin v cos | 
[dyno (Cos cot @—sin + d,, (cos? cot ¢—sin v cos 
by, (sin cos cot @—sin* | 


To express the moments on the spider when controlling a rotor with three 
blades evenly spaced, the expressions above have to be expanded as follows :— 


a,.{sin cot ¢+cos U+sin (v4-120) cot ¢+cos (+120) 


+sin +240) cot 6+cos (v + 240) | 
[Sin cos cot @+cos? 


+sin (¥+ 120) cos 120) cot ¢+cos? +120) 


+sin (¥+240) cos (W+ 240) cot 6+ (y+ 240) | 
+b,, [sin® cot ¢+sin cos sin? (W+120) cot 
+sin (¥+120) cos (¥ +120) + sin? (f+ 240) cot @ 
sin (WU + 240) cos + 240) | 
a, [cos cot ¢—sin U+cos (¥+ 120) cot ¢—sin (W+120) 
+ cos (¥+ 240) cot @—sin + 240) | 
+d,, [sin cos cot @+ cos? ¥ 
+ sin +120) cos (v +120) cot @4 cos* (UW +120) (-8) 
+sin (¥+ 240) cos (¥+ 240) cot ¢+cos? (w+ 240) | 


+ b,, [sin? U cot @+sin cos + sin? (U +120) cot @ 
+sin (¥+120) cos (¥+120)+sin? 240) cot 
+sin (¥+ 240) cos (f+ 240) | 


After elimination of terms which cancel each other out, these expressions 
(77) and (78) take the simple form 
(3 k/2) (ay, + Dp, Cot (79) 
>M 
By vectorially adding (79) and (80) we arrive at the absolute value of the 
moment in the control spider 
| 2M 
and the direction of this vector can be found by combining the equations (79) 
and (80) to get 


(3 k/2) (a,,cot@—by,) - : i (80) 


[= { (3 k/2) + by,?) } /sin (81) 


TS res | 


tan yp= — (dy, cot (Qn, + On, Cot 9). (82) 

From (81) one can see that the reactions on the spider are a function only of 

k the elastic properties of the tie-rod, of @ the angle of control advance, and 

naturally of a,, and b,, the imposed control of the blades, i.e., the position of 
the maximum and minimum values of a, during revolution. 


(2) Blade Control by the Spider. 

The following investigation establishes the relationship between :—(a) Move- 
ments of the control spider; (b) effect of these on the variation of incidence of 
the blades relative to: (i) the plane of rotation of the hub, (ii) the plane of 
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rotation of the rotor; (c) the reaction back on to the control spider due to these 
incidence variations. Fig. 23 illustrates a general case. 

The vector / indicates a tilt of the control spider and the vector JJ indicates 
a tilt of the plane of rotation of the rotor blade, both relative to the plane of 


Y; 


23. 
rotation of the hub. The point A of the spider arm OA, the length of which is 
assumed to be 1, describes during rotation an oscillating movement relative to 
the plane of rotation of the hub which may be expressed by 
M=Amo COSW+by, . : (83) 
Amo iS a Constant representing axial movements of the control spider for the 
purpose of simultaneous pitch variation of the rotor blades. The coefficients 
and b,,, are dependent on T. The angle between J and OX is gp. Thea :— 
M=Amo+ Il sin (b)—p+¢) 


sin (u—@) cos Il cos (u—¢@) sin ¥ 
mo / 7 


\ 
\ | 
\ 
| 
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referring to (83) :— 


ese 
Am, = —Il sin (u—¢@) . (84) 
te. bm, cos (u—@) : (85) 
of Similarly the ‘* flapping motion ’’ of the B of the can be expressed 
The distance 
OB=0OA cos ¢; OB=I1 cos 
n=I cos @ [6+ sin (Y—v) | 
6 is the coning angle which becomes zero when the blades fly in a plane 
cos ¢—II| cos @ sin v cos 111 cos @ cos v sin 
Thus referring to (86) 
cos @ sin v ; (88) 
The angle of incidence a, relative to the plane of rotation of the hub of a blade 
is then, as can be seen from Fig. 24, expressed by (considering that a, is small) 
Xh 
Nn 
PLANE OF 
Korav\ON Or HUB. A B 
FIG. 24. 
x tan a,=a,=(m—n)/AB=(m—n)/lsing . ‘ ‘ (90) 
and substituting values from (83) and (86) for m and n, (go) takes the form 
On = (Amo — Ano) Sin + (Am, —4n,)/L sin (91) 
Thus the general coefficients a,, a, and b, in (68) take here the form (with 
(91), (84), (85), (87), (88) and (89)) :-— 
Ano = Amo/l sin —6 cot ‘ ‘ (92) 
a,,= —I sin cot ¢+1 cos w+ sin v cot @ (93) 
bh, =1 cos cot @ sin cos v cot (94) 
And with (93) and (94) the general equations (79) and (80) take the form 
= — (3 k/2) [1 (cos 1+ cos cot? (sin v cot ¢—cos v cot? (95) 
= (3 (sin p cot? (sin v cot? ¢+cos v cot (96) 
and similarly the equation (82) becomes 
{1 sin (1+ cot? @)—II (sin v cot? ¢+cos v 
{1 cos p (1+ cot? +11 (sin v cot ¢—cos v cot? ¢)} 
his | The angle of incidence of the blade relative to the plane of rotation of the blade 
e to or the path of the blade a, is obviously the angle of incidence of the blade relative 
: to the plane of rotation of the hub, a, less the angle of the path of the blade 
(83) a, relative to the. plane of rotation of the hub 
the Op = Ap — (98) 
ents a,, depends on the vector IJ defined by | IJ | and v bi Fig. 23). The path 


angle for a given y is then 
u=ll cos (¥—v) 


a,,—II cos v cos sin v sin 
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Thus: 
The general expression for incidence relative to path is 
cos¥t+b,, sind . ‘(tor) 


Further, (98) can be expanded by (68), (99) and (100) 


Uno + (an, — COS + (by, — sin . ‘ « » 
and from (101) and (102) and (92), (93), (94), the coefficients a,,, d,, and b,, can 
be evaluated 

Aro=Umo/l sin@—dcot@ . : (103 
dp, (—sin cot ¢+cosu)+I1I (sin v cot @ —cos v) (104) 
b,,=I1 (cos » cot ¢+ sin —11 (+ cos v cot ¢+sI1n v) (105) 


(3) Control Load Due to Moment of Inertia of Blade about Pitch Change Azi: 


So far forces due to moment of inertia of the blade about its pitch changing 
axis have been neglected. For this investigation the incidence variation relative 
to the plane of rotation (equation (101)) is to be considered. If w is the angular 
velocity of the rotor and ¢ the expression for time, then J=wt and (101) takes 
the torm 


\ 


cos wt +b,, sinwt (106) 


Aro t dp, 


ri 
After differentiating twice in order to find the angular acceleration d?a,/dt° of 
the blade (106) becomes 
at? COS wl sin wt 
and introducing again the phase angle wv the angular acceleration for a given wo 
can be expressed 


€ (da,, COS sin wv). ° 


w cra rl 

The blade has a mass moment of inertia about its pitch-changing axis which 

te Considering that inertia moments have the opposite sign from acceleration 
vector, (107) takes the form 

M,=Iw* (a,,cos¥+b,, . : . (108) 

It can be seen from (69) that inertia forces act on the control spider principally 

in the same way as the tie-rods, the difference being that the former are charac- 


terised by Iw? as against i; and refer to a, as against a,, Or more accurately 
in the equation (108) the terms a,, and b,, stand in place of a,, and b,, of 
equation (68). The constant term a,, disappears, the amount of coning obviously 
not having any effect on the inertia forces in the blade. The inertia moments 


are transmitted through the linkage on to the control spider in the same way as 
the moments trom the tie-rods, and in view of this analogy, the results may be 
written down :—The components about the XX, and YY, axes are: 


= (3 1w?/2) (ap, + cot ¢) (109) 
(3 Iw?/2) (a,, cot ¢—D,,) . (110) 
or the resultant moment 
{ (3Iw?/2) (a,,7+),,7) } /sin : 111 
and the direction of the vector 
tan yy= —(d,, cot cot) 112) 


SuMMARY OF MATHEMATICAL ANALYSIS. 

The following summary of the mathematical analysis may now be considered. 
Firstly, from the uniform lift distribution over the rotor disc the plan form of 
the blade is deduced, its chord varying inversely with the radius. In carrying 
this into practice, the straight taper plan form shown dotted in Fig. 10 would 
be adopted as a practical equivalent. 
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In view of the unfavourable inflow conditions near the hub the root portion 
oi the blade is shaped to a non-carrying streamline section. 

The analysis of the vertical descent produces the basis for the calculation of 
the forward flight case, giving the basic lift coefficient and the corresponding 
angular velocity for the rotor. It shows the efficiency of the rotor to be dependent 
on a low dise loading, a high value for C,°/C)? for the blade section and a low 
blade loading; the latter, however, by producing low tip speeds, having an 
adverse effect in forward flight, as for a given forward speed it necessitates either 
a high tip speed ratio or an extremely low basic C,, which involves a poor L/D 
ratio. 


The analysis of the rotor in forward flight produces, apart from the performance 
of the rotor, the required incidence variation both around the orbit as well as 
along the blade span. It shows that in practice it is very difficult to satisfy the 
theoretical requirements. The closest practical approximation is indicated. It 
consists of a built-in blade twist, the incidence increasing from the root to the 
tip and a sine variation around the orbit imposed by the rotor control, giving a 
minimum incidence in the forward quadrant of the advancing side and the 
maximum diagonally opposite, the whole range being of a magnitude of a few 
degrees only. It further shows that in a steadily autorotating rotor, although the 
resultant moment is zero, a portion has a negative moment thus acting as a 
windmill, driving the remainder of the rotor which, thus, is in fact a helicopter. 
(Conversely, even in the case of a pure helicopter, the windmill portion will still 
be present although relatively small.) In the vertical descent this windmill portion 
forms a circle concentric with the rotor, which, as the forward speed increases, 
moves gradually forward. The drag of the rotor due to skin friction is relatively 
small. 

As regards optimum L/D ratio, the rotor is definitely inferior to the fixed wing, 
but on the other hand my calculations indicate that whereas the L/D of a fixed 
wing falls rapidly on either side of the optimum speed, that of a rotor varies but 
little with speed. The equations (79), (80), (81), (82), (109), (110), (111), (112), 
represent the resultant reactions in the control spider. This spider is connected 
with the joystick by means of a simple linkage as can be seen in Fig. 5, and 
these equations, therefore, are a criterion for the control forces, experienced by 
the pilot. It is important to note that in all of these equations the phase angle v 
is eliminated, which indicates that the moving rotor does not produce oscillating 
effects on the joystick. Furthermore, the constant terms a, and d,, appear to 
be eliminated which means that the general pitch variation does not affect the 
control column. «d,. has only an effect on the spider in the form of an axial force 
which is transmitted through a linkage to the lift lever. The evaluation of this 
force shows that the tie-rod tends to hold the spider in a central position as 
regards axial movement which in case of @=90° is unaffected by the general 
coning angle of the rotor, and if @ <gc® then an increasing coning angle lifts 
the spider and a decreasing lowers it. Thus in flight the lift lever tends to assume 
a central position and any departure from this position is accompanied by a 
resistance which increases with the distance from it. 

It can further be seen that the resultant reaction of the tie-rods is exactly 
opposite to the direction of displacement; in other words, if the joystick is 
moved out of the central position the tie-rods tend to return it directly. This 
force, however, considering that the required range of blade feathering is only 
a few degrees, is very small even with the use of relatively rigid tie-rods. It 
amounts in the A.R. III to about 2lbs. on the joystick knob. The analysis further 
shows that if the plane of rotation of the rotor coincides with that of the hub, 
which arrangement is to be preferred, then the inertia of the blades with respect 
to the pitch-change axis acts exactly in the opposite sense to the action of the 
tie-rods, thus, very fortunately, reducing still more the loads in the joystick. 
But as the inertia forces increase with the square of the angular velocity the 
centralising properties of the rods are progressively reduced and finally balanced 
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by them. This would occur when the frequency of rotation reaches the natural 
frequency of the blade tie-rod “combination about the pitch change axis. This 
has to be avoided—in other words, the natural frequency of this combination 
must be higher than the maximum designed rotor frequency. The validity of 
these general theoretical considerations was confirmed in the flights of the A.R. 
Ill. 

It is not the purpose of this paper to enter into a discussion of the method 
of tilting the rotor head for control purposes. I would only mention that this 
method is necessarily associated with oscillating loads in the control mechanism, 
owing to friction in the flapping hinges, which is bound to increase with the 


centrifugal forces in the rotor. The resultant aerodynamic torce acting on ‘he 
rotor is carried to the fuselage via the control mechanism. ‘The inertia of the 


blades about their longitudinal axis, a factor in the rotor characterised by 
instability, has to be considered here in a different light. It appears to me that 
an arrangement avoiding the intersection of the flapping axes in one point is a 
suitable precaution, and in addition to that, or independently, another means lies 
in the arrangement of the control hinges of the hub below the plane of the 
flapping hinges of the blades, or stabilisation by means of springs. I have 
indicated here some of the reasons which must, directly or indirectly, give rise 
to loads in the joystick in such a type of control. My control method is un- 
affected by these forces since, right at the outset, I made the elimination of such 
parasitic loads a premise of my investigations; and it is in fact due to the smooth- 
ness and precision of this control that the pilot is able to carry out the various 
flying manoeuvres with accuracy and confidence, of which the aviation corre- 
spondent of a leading London newspaper, when describing the demonstration at 
this Society’s Garden Party, stated that ‘‘ No flying machine ever built is so 
manoeuvrable as the Hafner gyroplane, for in effect the whole of the sustaining 
member is also control surface, infinitely and instantly responsive.”’ 

All the flying which was shown in the film, and much more, is due to Flying 
Officer Clouston. [| take this opportunity of thanking him on behalf of all of 
us who are interested in this machine for carrying out these test flights. He 
has not only been a great help to us, but I think he has done the movement 
generally a great service in having shown what rotating wings can do. 

CinE Fitms.—Films were then shown illustrating the action of the roto 
control in stabilising the flap of the blades; in manwuvring and in pitch change. 
The A.R. IIT was shown taking-off and landing without run and performing 
various manaurvres, slow flying, hovering and low flying at Hanworth and at 
the S.B.A.C. display. In conclusion a dozen *‘ towering ’’ take-offs under widely 
varying wind conditions were shown 


CONCLUSION. 


In concluding this paper I should like to touch briefly upon the past, the present 
and the future of rotative wing aircraft. In the past the idea of revolving wings 
appealed to many minds—to mention only Leonardo, Cayley and Renard ; but 
successful flights with this type of aircraft seemed to be confined to the pages 
of Jules Verne, and since the fixed wing machine made its rapid progress, experts 
indeed became more and more sceptical of the rotative wing and it descended 
almost to the level of the perpetual motion machine as a butt for professional 
ridicule. Evidence of such ridicule has persisted almost to the present, but a 
faith is never stronger than when it is oppressed and to-day the principle of 
rotative wings has emerged from obscurity as an accepted fact, and this has 
been mainly due to the courage and determination of pioneers like de la Cierva, 
Breguet and others. 

In 1927 a safe aircraft competition was announced, its object being declared 
**to achieve a real advance in the safety of flying through improvement in the 
aerodynamic characteristics of heavier-than-air craft without sacrificing the good 
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practical qualities of present day aircraft.’ In 1930 it was announced that the 
winning machine (one of the only two to pass the tests) scored 22.9 out of a 
possible 200 points. 

The trend of development of the fixed wing machine since that time has been 
such that the aeroplane of to-day would not achieve even half this score. Yet, 
were another Mr. Guggenheim to announce a similar competition with even more 
severe conditions for safety, I am confident that a -rotative wing aircraft would 
not merely win the prize, but would sweep the board with the whole two hundred 
points. The rotative wing aircraft, like everything else, has its faults and its 
advantages. The layman and the general press have accepted the advantages 
and even tend to exaggerate them. I am well aware of the real faults, but I 
desire most strongly to combat the mere prejudice which still lingers in some 
technical minds. To me this seems more an expression of uncertainty than of 
real conviction and constructive criticism. Are we justified in distrusting a 
ball-bearing only because it happens to be in the hub of a rotor instead of a 
motor car wheel? Is our view complete if we see stresses due to centrifugal 
forces, gyroscopic forces, cyclically varying forces, in rotors only, merely because 
these wheels happen to rotate in air at a certain distance from the ground instead 
of close to it, and furthermore, is our judgment sound if we conclude that the 
consequences of a major structural failure are more serious in a gyroplane or 
helicopter than in an aeroplane? 

Lift increases with the square of the speed, and it is there that the aeroplane 
scores, and I do not think it improbable that eventually it will confine itself to 
the duties which are the logical goal of its present development—fast passenger 
and mail traffic over long distances between large and well-surfaced aerodromes 
or sea harbours. 

This will leave the short taxi runs, the door-to-door journeys and the pleasure 
flying to the machine which can take-off and land in small spaces, fly by its 
own headlight beam, if need be, and transfer the ubiquity of the car to the sphere 
of aviation. This machine is the rotative wing aircraft. 

The gyroplane of to-day can perform these duties satisfactorily, but I envisage 
a logical development from it—the renaissance of the helicopter. In its new 
form, which may well appear in the near future, it will be a craft of mechanical 
simplicity and aerodynamic beauty. Much that J have written on the control of 
rotors is directly applicable to helicopters, and performance calculations give 
justification for great expectations. 

We cannot afford to disregard the clear indications towards progress offered 
by the rotative wing. We can see the limitations of fixed wings—we must beware 
of the limitations of fixed ideas; and if we are to avoid flying and thinking in 
circles we must make the wing rotate! 


DIscussION. 


The CratrMAN: In a hundred years’ time, when many of those present had 
statues to themselves up and down the country, on the pictures which they had 
seen that night being exhibited to some centenary meeting as of historical interest 
the first remark would be: ‘‘ What wonderful engineers they had in those days, 
what marvellous machines they designed, but what poor photographs they took 
of them.’’ There was no reason at all why the photographs shown to illustrate 
Herr Hafner’s lecture should not have been better. He suggested to the young 
workers present who were trying out new things that they would do well to be 
really careful about their first photographs. The photographic record was a 
thing which nobody remembered until it was too late, but it was really important 
to get as early as possible good photographs of the results of early efforts. 

In calling for discussion, he desired first to ask an old friend, who had done 
much to arouse interest in the rotating wing in this country, to speak. Captain 


Courtney had been for a long time in America and it was a pleasure to welcome 
him back. 
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Captain Frank T. Courtney: He could not attempt to add anything to what 
Herr Hafner had told them about this particular machine, but there were one or 
two remarks he would like to make which directly or indirectly concerned its 
development. It was just over twelve years ago since he flew the first rotative- 
wing aircraft, and he came to the definite conclusion then that the real solution 
of the problem of safety in ordinary flight, with direct take-off and landing 
without trouble, was to be found in the rotative-wing aircraft. Since then—1925— 
he had been concerned in one way or another with a considerable number of 
rotative-wing aircraft machines and his opinion had never altered. What had 
struck him during this development, however, was the point to which Herr 
Hafner had also referred, about the lack of appreciation of the virtues and 
possibilities of this type of flying machine. Because it had not leapt suddenly 
into tremendous success right at the start, people had regarded it as_ be ng, 
while very interesting, neat, and even beautiful, not particularly reliable. Some 
distrust had been expressed because the rotor rotated on a ball-bearing, and it 
was thought that a ball-bearing might break. But, as Herr Hafner had said, 
the ball-bearing was also used in the hub of the motor car wheel, and nobody 
anticipated failure on that account. In his own experiments he did have a wing 
come off on one occasion, but that was one of the little experimental things, and 
was not to be taken as suggesting unreliability on the part of this class of 
machine. A certain amount of distrust, however, lingered, as was brought home 
to him in a recent talk which he had with the head of a large aircraft-operating 
concern. He was quite sure that in that very hall there were many people who 
were still doubtful whether this, while interesting, was really a promising device. 
All he could say was, having seen as much as anyone of the continuous and 
disappointing difficulties that had arisen in the development of rotating wings, 
that he had not changed his opinion at all in the course of twelve years, and he 
repeated that he believed these rotating wings were the solution of the problem 
of safety in flight. 

Dr. A. P. Tuurston (Fellow): Everyone who had listened to the lecture that 
evening would wish to compliment Herr Hafner. It was difficult for him to 
realise that when he first met Herr Hafner he could hardly speak a word of 
English, but he had delivered his lecture that evening as one who was perfect 
in the language. He felt also that those present would regret with him that they 
had not with them that evening two great pioneers, Major Jack Coats, late of 
the Royal Flying Corps and the Royal Air Force, and Senor de la Cierva. To 
the sportsmanlike generosity of the late Major Coats was due the development 
and building of the present machine and its forerunner, and to Senor de la Cierva 
the credit of placing in the forefront as an accepted fact the principle of rotative 
wings. He knew that in his large-hearted generosity Senor de la Cierva would 
have been most hearty in his congratulations on the contribution to this subject 
which Herr Hafner had made. 

Major Coats first came into association with Herr Hafner in Vienna in 1930. 
He was impressed with the fundamental ideas behind the invention and he saw 
in Herr Hafner one capable of great things if given the opportunity. He gave 
him his chance by agreeing to set aside a certain sum of money for the building 
of machines and their further development. Very seldom had money been better 
spent in aviation. During his own association with Herr Hafner he had come 
to regard him as the type of man who was capable of evolving a completely 
satisfactory solution no matter what problem arose, nor what demand might 
be made upon him. He believed that there was a very great future for rotative- 
wing aircraft, and that the theories so clearly explained in the lecture just given 
would expedite that development. In this connection the audience could take it 
from him that Herr Hafner had already made great progress which doubtless he 
would divulge in due course. He sincerely congratulated him on his most able 


paper. 
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Mr. R. A. C. Briz: He would have preferred not to have entered upon the 
discussion because he was one of those who were converted to the gyroplane, and 
he thought that after Herr Hafner’s paper as much time as possible should be 
allowed to the unconverted. Nevertheless, he took the opportunity of being 
called upon to take part in the discussion, to congratulate Herr Hafner upon his 
lecture. Herr Hafner was imbued with an infectious enthusiasm such as seemed 
to grip all those associated with rotative-wing flying. He had presented the 
case with clarity and modesty. He had known Herr Hafner since 1932 when he 
had the privilege of piloting him on his first flight, if not with any rotative-wing 
aircraft, at any rate with the ‘‘ Cierva autogiro.’’ Since then more knowledge 
had been attained and greater success achieved. He appreciated the lecturer's 
veiled reference to the helicopter, which is the logical and ultimate aim of all 
those behind the development of rotating wing aircraft, but it seemed to him 
that direct take-off furnished at least 90 per cent. of the most desirable features 
which could be offered by the helicopter. He was doubtful whether pure susten- 
tation would ever be really practicable in the hands of a novice. In any case 
the final decision as to the most practicable type of the future must be left to 
the ‘‘ man in the street,’’ who after all has the right to consider himself the 
best judge of what was most suitable for his own particular requirements. 

Dr. H. C. H. Townenp (Fellow): He desired to ask one question about the 
film showing the contrast between the ‘‘ jump ’’ and the ‘‘ tower ”’ take-off. 
Were the curves shown for those two take-offs plotted from actual records and 
drawn to scale? One thing had puzzled him regarding the difference in perform- 
ance, particularly in controllability, between the de la Cierva autogiro and the 
Hafner aircraft. There was no doubt that the Hafner was extremely controllable. 
He had had the good fortune to see the demonstration given at the Society’s 
garden party. What he wanted to know—and had never been able quite to find 
out—was whether the whole of that extra controllability was due to the fact that 
friction was taken off the control levers because the rotor was supported 
independently, or whether there was some aerodynamical difference as well? Herr 
Hafner had said that, aerodynamically speaking, the action of the two aircraft 
was very much the same, and the only difference of any importance that he 
(the speaker) could see between them was that when the stick was moved 
laterally the immediate effect in the case of the de la Cierva was to change the 
incidence of the blades which were pointing fore and aft,. whereas in the case 
of the Hafner the change occurred on the blades that were more or less right 
and left. That was the only actual difference he could see between the mechanism 
of alteration and incidence, and it seemed to him inadequate to account for the 
difference in controllability. He desired a little more information on that point. 

There was, of course, the one extra feature which the Hafner possessed and 
which might have a bearing on this subject, and that was the lift control. When 
these manoeuvres were carried out was the lift control being manceuvred at the 
same time or was the whole of the control being done with the joy-stick ? 

He wished to raise a question with regard to the strength of the blades. 
It seemed to him that this might become a serious question when the machine 
was scaled up to larger sizes. Would this be so? It also seemed to him that 
the very neat method of taking centrifugal force without imposing big frictional 
forces on the pitch-changing mechanism might very well be applied to variable 
pitch airscrews by connecting opposite blades together with a series of tie rods, 
flexible in torsion. 


Herr Hafner had shown that theoretically the amount of pitch ought to vary 
in a somewhat complicated way and the best approximation he had been able to 
get in practice had been obtained by putting on a fixed twist plus a sinusoidal 
variation. Was he considering the possibility of obtaining a closer approximation 
to the theoretically desirable variation by using some other linkage, or cam, to 
change the pitch ? 


| 
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One other point which he did not quite understand was a reterence to the 
blade whose flapping hinge was arranged at right-angles to its longitudinal axis, 
which would represent a control advance of go deg. in a Hafner rotor. ‘Ihe 
lecturer had said that for such blade the frequency of the stabilising forces was 
the same as that of rotation. He further said that the control advance of the 
spider had an effect which increased the frequency of the stabilising forces. \s 
far as the speaker could see this meant that when the blade was beginning to 
flap up it promptly had its incidence put down, and was therefore more sensitive 
in its response than the blade of the Cierva autogiro, but so far as the frequencies 
were concerned, it seemed to him that they were all necessarily the same as that 
of the rotation of the rotor. 

Dr. H. C. Warts (Fellow): He was very glad to see that Herr Hafner had 
risen from the status of an obscure inventor to that of the constructor of a very 
successful machine. This was an achievement of which anyone might well be 
proud if carried out in his own country, and was still more remarkable when it 
was the achievement of a welcome visitor in a foreign land. He had had the 
pleasure of being in close touch with Herr Hafner during the first five years of 
his experiments. 

As he looked back over perhaps the last 20 years he could see three stages 
in the development of the revolving wing machine or the helicopter. Twenty 
years ago it had not sufficient lift, but that difficulty was got over, and the prob em 
of obtaining sufficient lift was no longer a serious one. But having solved that 
problem, the next question was how to control the machine. Well, they had 
lived to see that problem solved also by Senor de la Cierva, and Herr Hainer. 
These gentlemen had shown them two ways of controlling in the air. But now 
there came the third development which he wanted to watch, namely, the question 
of performance. It was some years since he himself studied in detail the theory 
of the revolving wing machine, but he remembered that he had the impression that 
this type of aircraft was theoretically and always would be some 15 per cent. 
less fast that the corresponding aeroplane. Had Herr Hafner come to any 
conclusion on the relative performance of the revolving wing aircraft and _ the 
aeroplane ? 

Mr. O. ReprR (Cierva Autogiro Company): It was very difficult for him, being 
a foreigner, to address an English audience, but he wished to congratulate Herr 
Hafner on his successful machine. It clearly demonstrated that the principle he 
had adopted was the right one, that it was one way of getting into the air by 
rotative-wing aircraft. It was too soon to make any comparison with different 
types of such aircraft, and it was difficult to say which type would be the final 
result. Like the motor car industry, which was also in a state of evolution, so 
that the final product had still to be determined, in the same way with aviation 
it would be necessary to wait for future development. He hoped that not only 
Herr Hafner, but also others working on the same lines would get the machine 
they all wanted to see, a machine which would carry out taxi flights from house 
to house. 

Mr. J. Forman: Not only in Europe but in America a great deal of work was 
being done on rotative-wing aircraft—gyroplanes with slightly different blade 
formation, rigid and flexible blades. From some experience of the work in 
America he could say that they were having about the same amount of success 
over there as was attained in Europe by Herr Hafner and Senor de la Cierva. 
He only hoped that Herr Hafner would continue to try to achieve high speeds 
with these constructions. When such speeds were achieved he thought the whole 
problem would be solved. 

Mr. R. KronFretp: He started off in aviation at about the same time as Herr 
Hafner, and they both had tried in different ways to get results in Vienna. 
There was one question he desired to ask. Why had Herr Hafner given up—he 
hoped only for the time being—the idea of going up into the sky absolutely 
vertically ? He thought that every aviator would agree with him that when flying 
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in bad visibility and a steep mountain side suddenly appears in front of him, 
he would undoubtedly like to say: ‘*‘ Whoa ”’ and be able to put on the brakes. 
He would then have time to think what to do and whether to go vertically up or 
down. He hoped that Mr. Hafner would devote himself to the means of going 
vertically upwards, but come down without too much delay thereby avoiding 
that too much of his valuable time would be lost for the further development of 
rotating wing aircraft. 

Mr. NIGEL NorMAn (Fellow): He desired to ask one question. It seemed to 
him that the problem of flying in rotating wing aircraft involved two problems: 
firstly, that of making the machine extremely controllable, and secondly, that of 
designing the ideal place from which it could be flown. 

It was clear that Herr Hafner and other inventors had made great progress 
with the first problem, but the second had received very little attention. It 
would be necessary to provide places from which such aircraft could be operated, 
in the centre of cities, and that would involve the question of flying in air much 
more turbulent than that experienced on the aerodromes where tests were at 
present carried out. Herr Hafner had obviously had a good deal of experience 
of flying the machine that had been illustrated. Could he give some information 
as to its behaviour in really ‘‘ bumpy ”’ air and with varying wind speeds at 
ground level ? 

In conclusion, Mr. Norman said that he was one of those who had been 
privileged to see the beginning of Herr Hafner’s work in this country and to 
watch some of his earliest tests, and it was with the greatest pleasure that he 
had heard this evening such ample evidence of his success. In offering Herr 
Hafner therefore his sincerest congratulations he would add that, in addition 
to his technical success which was undisputed, he had achieved the greatest 
possible personal success on account of his charming and delightful personality. 

Mr. F. RapciirFe (Associate Fellow, British Marine Aircraft, Ltd.): What 
were the limits to which one could go in the way of blade loading? In the 
present machine the loading was almost 44 lbs. per square foot. How high 
could this loading go? When one thought of machines ten times the present 
size one wondered what they were going to look like and what the gross weight 
would be. Up to the present, gyroplanes have not shown a very good ratio of 
gross weight/tare weight and it would be interesting if Herr Hafner could 
indicate what this ratio might reasonably be when the all-up weight is 9,000 Ibs. 
Since reading the present paper he had looked at M. Breguet’s paper published in 
the September issue of the Royal Aeronautical Society Journal, and he noticed 
that the indications there are that the ratio mentioned above should be superior 
to the normal aeroplane of similar size, when large aircraft are compared. Any 
information which could be given in this connection would, he was sure, be 
interesting to quite a number of these present. 

Mr. J. A. J. Bennett (Associate Fellow) (communicated): In view of the 
writer's close collaboration with the late Juan de la Cierva in the development of 
the gyroplane, the aircraft which he so brilliantly conceived, he felt obliged to 
discuss certain aspects of Herr Hafner’s paper, particularly the parts which 
deal with a comparison between the A.R. III and ‘‘ Autogiro ’’! aeroplanes. 

Herr Hafner is to be congratulated on designing such a neat and spectacular 
machine and he hoped his success would encourage other designers in the rotary 
wing field. Although, basically, the Hafner gyroplane differed but little from 
that of Cierva, it has some interesting constructional features. The latter are 
associated mainly with the ‘‘ false hub ’’ method of direct control, the principles 
of which, applied to the gyroplane, were first described by Cierva in a patent 
publication.2 

Throughout this communication any references to patent literature are made 
with the sole intention of indicating to those interested where published descrip- 


'The word ‘‘ Autogiro ’’ is the registered trade mark of the Cierva Autogiro Co. 
* British Patent Specification No. 410532, November, 1932. 
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tions of the matters referred to can be found and not with the object of discussing 
the merit of specific patents, a ‘subject which cannot properly be considered here. 
Unfortunately the descriptions do not appear elsewhere, Cierva having mide 
relatively few contributions to the technical Press in connection with his 
developments. 

Cierva favoured the ** tilting hub *’ method of construction in his production 
designs, on account of its greater mechanical simplicity, rather than the ** false 
hub *’ method, the distinction between the two being purely constructional. They 
are obviously identical fundamentally because the cyclic variation of blade 
incidence is the same whether a false hub or the hub itself is tilted in any given 
direction. 


The *‘ false hub ’’ construction has been commonly referred to as *‘ direct pitch 
control ’? or ‘* direct feathering control,’’ but such terminology is misleading 
because the ‘‘ tilting hub *’ method is just as rigorously a direct feathering or 
pitch control as the other. When either the hub or faise hub is tilted by the 
control stick, a cyelic variation of blade incidence is effected, because the blade 
tips are moving along a definite path and inertia prevents a sudden displacement 
from this path. The pilot does not impose a load on the control column sufficient 
to displace the blades against the inertia or ‘* gyroscopic action ’’ of the blade 
elements, as many people seem to imagine. The control mechanism is a relay, 
in which the moments are relatively small, and when the pilot operates this relay 
he only causes the blades to feather cyclically. The result is a cyclic variation 
of lift in phase with the cyclic variation of blade incidence. The cyclic variation 
of lift displaces the blades from their normal path, but, owing to the dynamics 
of the flapping hinge motion, which need not be discussed in detail here, the 
displacement of the blade from its normal path occurs go° later in azimuth and so 
the required tilt of the lift vector is effected. 


The lecturer himself has remarked on the resemblance between the ‘* false 
hub’? and the tilting hub ’’ methods being greater than at first appears 
superficially, the cvclic variation of blade incidence in the C.30 having a maximum 
and minimum amplitude 90° and 270° displaced in azimuth respectively from the 
direction of control movement. Such variation of blade incidence is identical to 
that brought about in the A.R. III by tilting the spider or ‘‘ false hub,’’ in which 
case the cyclic variation due to the ‘‘ control advance *' of 60° is additive to that 
due to the ‘* 6, effect,’? which will be described later. 

The lecturer prefers to confine the term *' flapping "’ to flapping movements 
of higher frequency than the rotational speed of the rotor, but the writer implored 
him not to depart from the definitions used in the classic reports of Glauert’ 
and Lock*t as too much confusion already exists regarding the hinge movements 
of a gyroplane rotor. 

It is the first harmonic of Napping which gives a tilt of the rotor dise in phase 
with a displacement of the control stick and one must therefore differentiate 
between (i) flapping due to the dissymmetry of forward flight and (ii) flapping 
caused by displacement of the control column. 

Lock has demonstrated that longitudinal flapping, i.e., backward tilt of the 
plane of rotation, defined by the equations 


AB B, cos uv (\) 
6-6, 5 
is identical to transverse feathering, i.e., a periodic variation of blade angle 


having its maximum and minimum amplitude transverse of the machine, «i fined 
by the equations 

Aé= — 8B, sin ¥ 
8 Bo } 


1015, 1927. 
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He has shown, in fact, that the gyroplane may be considered 


as_ either 
flapping or feathering ”’ 


according to whether one chooses as the plane of 


reference the plane (AA, Fig. 1) normal to the ‘‘ hub axis ”’ (i.c., axis of the 
main hub bearings) or the plane (BB, Fig. 1) normal to the ‘‘ disc axis ’’ (i.e. 


axis ial rotation of the blade tips). 


“ a > 
£ HINGES 


Fia. 


In steady flight, longitudinal flapping, as defined by equations (A), is accom- 
panied by transverse flapping defined by the equations 
Af'= — B', sin 
4, 


This is on account of the dissvmmetry associated with ‘‘ coning.”’ 


(A’‘) 


This transverse flapping is identical to longitudinal feathering defined by the 
equations 


When the state of steady flight is changed by a backward movement of the 
control column, the amplitude (8,) of longitudinal flapping, 


AB= —B, cos ¥ } 


B', cos 
B= B, 


is the result of the above mentioned relay action of transverse feathering, 
Ad=B, sin Bl 
B=B, 


Notice that the sign of A@ in (B) is in the opposite sense to that in (B”), 
because, whereas in the former case A# compensates for the dissymmetry of 


forward flight, in the latter case A@ imposes a dissymmetry to displace the blades 
from their normal path. 


Direction 

of 
Rotation 
TRADAL AxiS of BLADE 


2. 


When the flapping hinge (6) is at right angles to the radial axis of the blade 
the plane BB is inclined backward with respect to the plane AA at the angle f,. 


When, however, the ‘‘ 8’ hinge, lying in the plane AA, makes an angle 6, 


(Cierva’s notation) with the normal to the radial axis of the blade, i.¢e., an angle 
(g0°—6,) on the leading side of the blade between the hinge axis and the blade’s 
radial axis (Fig. 2), the plane (CC, Fig. 1) normal to the axis of rotation of the 
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blade tips makes an angle less than £, to the plane AA. The lecturer calls the 
angle (go°—6,) the ‘‘ control advance.’’ 

The general system, of which (A) and (B) are the particular cases of 6,=0 
and 6,=90° respectively, is defined by the equations 

sin 6, cos (¥ + 
AB= — Bf, cos 6, cos (¥+4,) } 

The amount of longitudinal or lateral flapping depends on the value of 
When 6, > 90°, AB > 0, i.e., the *‘ disc axis ’’ becomes coincident with 1 
‘‘ hub axis.’’ Hence whether the blades can be said to ‘“ flap ’’ and/or 
change pitch cyclically depends on the plane chosen as the plane of reference. 
The azimuth position of maximum flapping and/or pitch change is also relative 
to the chosen plane of reference. The effect of 6, therefore is equivalent to 
displacing the plane of reference from that (AA) normally chosen. 


Oo 


The amplitude of A6@ in the general system defined by equations (C) is , sin 4, 
and of AP is 8, cos 6,, and, since the displacement about the 6 hinge is the 
vectorial sum of A@ and Af, the amplitude of hinge displacement is £,, as it is 
in the two extreme systems (A) and (B) considered by Lock. Hence the main 
effect of a small 6, is merely a phase displacement of the maximum values of 
Aé@ and AB, the effect on the amplitude of flapping being relatively small as 
AB is reduced only by (1 —cos 6,). 

The value of 6, used in the A.R. III is about 30°, i.e., the ‘* control advance ”’ 
is 60°, so that the reduction of flapping is only 13 per cent. One disagrees with the 
lecturer’s views on the effect of 6, on the higher harmonics of flapping, which 
subject, however, is beyond the scope of a cursory discussion here. 

It will now be shown why the cyclic variation of blade incidence due to a 
‘control advance ’’ of (go°—4,), when added to that due to the ‘‘ 8, effect,’ 
gives exactly the same blade incidence variation due to a ‘* control advance ”’ 
of 90°, when 6,=0. 


Y 
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Direction 
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Fic. 3. 
Fig. 3 shows a plan view of the rotor disc. If the hub or ‘ false hub ”’ is 


tilted 6, degrees about the axis YOY! by movement of the control stick in the 
direction OX, the resulting blade incidence variation due to the *‘ co trol 
advance *’ of (g0°—8,) is such that the minimum incidence occurs at the position 
OP and the maximum at OP!, there being no change of incidence at O@ and 
OQ'. The effect of 5,, however, has been shown to give an incidence variation 
associated with flapping and is such that the minimum incidence occurs at the 
position OQ and the maximum at OQ'. 
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Measuring the azimuth angle (Y) from the position OX, the ‘ control 
’ 


advance ’’ accounts for a cyclic blade incidence variation given by 


AG, =86, cos 6, sin (Y—8,) (D) 
and the ‘* 6, effect ’’ accounts for a variation given by 
=6, sin 6, cos ‘ ‘ (E) 


The sum, A@, of and Ad, is 

Aé@=6, sin : : (F) 
which is exactly equal to the blade incidence variation due to a ‘* control 
advance of go°, when 6, =o. 

Just as the sign of A@ in (B) was in the opposite sense to that in (B”), so, 
corresponding to cos (¥+6,) in (C), cos (¥—8,) in (E), because of the above 
mentioned distinction between (i) compensation for the dissymmetry of forward 
flight and (ii) imposed dissymmetry to displace the blades from their normal path. 

The use in a gyroplane of flapping hinges having a 6, angle other than zero 
so that displacement of the blade about the hinge has a feathering component 
Aé associated with the flapping component Af was described by Cierva in an 
early patent publication.’ Although not incorporated in the C. 30, they were 
used in the Cierva direct take-off gyroplane demonstrated last year and are a 
feature of the new C. 4o, a direct take-off ‘‘ Autogiro ’’ gyroplane, now being 
supplied to the Air Ministry. 

In the A.R. III the 6 hinge has two component hinges so that the component 
displacements, AB and 6, of the blade are associated respectively with (i) a 
flapping hinge having 6,=o0 and (ii) a torsional hinge, the displacements about 
the axes of which are mechanically interconnected by means of the spider. Such 
compound hinges are common in engineering and have been employed in other 
types of rotary wing aircraft, but Cierva preferred a single hinge rather than 
two interconnected component hinges. 

The particular part of the A.R. III rotor to which most attention has been 
directed is the torsionally flexible tension member used for carrying the centrifugal 
force of the blade. This type of suspension is useful when absolutely zero friction 
is a primary requirement and has already been proposed for V.P. airscrews. 
However, the frictional moment of the ball and roller bearings used in the 
‘“ Autogiro ’’? gyroplanes is so small that not even the most critical pilot can 
complain of friction in the controls. 

In only one instance did Cierva find it necessary to use torsionally flexible 
tension members and that was in the case of a bearing, the periodic operating 
moments about which were very small. In this case the friction of standard 
bearings would have suppressed the required oscillation and a suitable torsionally 
flexible thrust bearing was developed in November, 1936. This bearing was of 
a different kind, and for a different purpose, from that used in the A.R. III. 
Fortunately, however, such a sensitive system was not necessary and he was 
glad to say that the elimination of friction is no longer a primary requirement in 
the mechanism of the ‘* Autogiro ’’ gyroplanes. 


With regard to ‘‘ the restoring moment due to the torsional elasticity which 
tends to stabilise the blades at a predetermined incidence,’’ in the ‘‘ Autogiro ”’ 
gyroplane this restoring moment is supplied only by centrifugal force and the 
use of mechanical means for this purpose is not favoured. In the case of the 
C. 30 a cyclical variation of incidence only is allowed, but in the case of the C. 40 
an automatic non-periodic change in blade angle takes place. 

Moreover, the lecturer claims that, by interlapping the flapping hinges in such 
a way that the hinge axes intersect the rotor axis and each other at the “‘ focal 
point,’’ undesirable moments in the control are eliminated. Cierva was the first 


5 British Patent Specification No. 264753, November, 1925. 
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to show the desirability of such a ‘‘ co-axial ’’ arrangement and this point was 
discussed at length in a patent publication.© He also showed that a ‘* co-axial 
arrangement was undesirable for other reasons and that the best practical com- 
promise was an arrangement not exactly *’ co-axial ’’ but nearly so. If the 
co-axiality of the flapping hinges in the A.R. III method of construction is an 
essential requirement, as Herr Hafner apparently considers is the case, this is a 
limitation adversely affecting the quality of the control. The defects of a purely 
co-axial arrangement have been apparent to the pilots who have flown both the 
** tilting hub ’’ and the ‘* false hub ’’ types of gyroplane. If these defects are 
to be remedied without departing from pure co-axiality, radical alteration of the 
torsionally flexible tension members is necessary and the method of construction 
begins to look less attractive. 

That the C. 30 controls were heavy and subject to undesirable moments was 
no fault of the hub arrangement, but was due to the periodic blade twist asso- 
ciated with the aerofoil section Géttingen 606. Cierva correctly analysed the 
effect of the periodic twist of the blade on the controls, and as a result of a report 
communicated by him to the Aeronautical Research Committee, a report was 
published by Beavan and Lock’ giving the final results of the investigation. By 
using an aerofoil section of zero pitching moment, or by making the blades 
more torsionally rigid, such undesirable moments in gyroplane controls can be 
avoided. 

In the C. 40 controls further refinements have been incorporated and, without 
having to satisfy the academic requirements of hinge co-axiality and frictionless 
suspension, the controls have the desirable qualities of lightness, stability and 
freedom from parasitic moments and vibrations. 

Herr Hafner’s estimate of the coefficient of friction obtaining in the blade 
and control articulations of a tilting hub type of gyroplane does not agree with 
the results of direct measurement and, if he considers that the figures for hinge 
frictional moments and necessary stabilising moments in the hypothetical case 
mentioned by him recently in *‘ Flight ’’* are typical of a tilting hub, the writer 
could understand why he used the ** false hub *? construction for his A.R. III. 

Coming now to the question of direct take-off it is incorrect to say that jump 
take-off as demonstrated by the ‘‘ Autogiro ’’ gyroplanes converted the kinetic 
energy of the rotor inefficiently due to the high induced air flow. Actually, the 
kinetic energy is converted more efficiently into potential energy the more sudden 
the change in pitch, and in a jump take-off demonstration made last year by the 
‘* Autogiro *’ gyroplane and filmed by ‘* Flight ’’ the machine climbed right from 
the top of the jump. 

Hence the thrust of the rotor at the top of the jump could not have been less 
than the weight of the gyroplane. It is impossible for the thrust to be zero, as 
the lecturer imagines is the case. 

It must be pointed out that the diagram shown at the lecture, giving a com- 
parison between jumping and ‘* towering ’’ take-offs with the A.R. III, should 
not be used as a comparison between jumping and ‘‘ towering ’’ in general, 
because the quality of jump take-off achieved by the ‘* Autogiro ’’ gyroplane is 
different from that possible with the A.R. ITI. 

That the pitch is changed automatically in the ‘* Autogiro *’ gyroplane does 
not necessarily mean that the change of pitch is sudden. In fact, Cierva intended 
that the rate of pitch change should be controlled so that any quality of take-off 
from a steep climb to a pure vertical jump could be achieved and means for 
obtaining this result were devised by Cierva in January, 1935. Means similar 


6 British Patent Specification No. 393976, December, 1931. 
7R. & M. 1727, 1936. 
8 November 11th, 1937. 
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in principle and of a simple and elegant form have been incorporated in the new 
C. 40, so that it will be possible for the pilot to select beforehand the quality of 
take-off he wishes to employ. 

The multiplication of manual controls in the A.R. III he considered to be a 
retrograde step and a manual control for effecting pitch change for take-off is 
undesirable, as consistent use of the control in the most effective manner is 
probably beyond the capacity even of an expert pilot. 

Herr Hafner apparently considers that the risk of an inadvertent jump is 
inherent in a gyroplane whose blade pitch is automatically controlled by torque. 
Simple means for eliminating such a risk have been embodied in the design 
of C. 40. 

The lecturer claims that his theoretical analysis differs from earlier publications 
in so far as the behaviour of an ‘* ideal ’’ rotor is assumed as a premise. This 
is not true because Schrenk first presented the conception of such an ‘‘ ideal ’’ 
rotor in his theory of the gyroplane,® and Fig. 10 of Hafner’s paper showing the 
plan form of an ‘* ideal’? rotor is merely a reproduction of Fig. 3 of Schrenk’s 
paper. 

An analysis of the vertical descent as a basis for the forward flight case is 
Schrenk’s method and the formule developed and conclusions regarding the 
effect of low disc loading, high value of C,*/C,,? for the blade section and low 
blade loading are clearly Schrenk’s. If these matters were merely mentioned as 
an introduction to some further theoretical development the lecturer could be 
forgiven, but they are presented as original conclusions in his ‘‘ Summary of 
Mathematical Analysis.’’ 


He further states that his analysis shows that in a steadily autorotating rotor, 
although the torque at the hub is zero, an inner portion of the disc acting as a 
windmill drives the outer portion which is acting as a helicopter. This was first 
demonstrated in a paper which the writer published in German several years 
ago when studying at Géttingen.'" 

The use of a very low tip speed ratio A, i.e., high rotor r.p.m., is a very 
crude way of decreasing the adverse effect of the dissymmetry of forward flight 
and is detrimental to overall aerodynamic efficiency. If a high h.p./W ratio 
has been achieved in a particular design it is a pity to waste the available power 
by having an inefficient rotor. He agreed, however, that C. 30 was not designed 
with a good performance particularly in view, the main reason for its production 
being to furnish mass experience of a direct control type of gyroplane. 

The question of manceuvrability has scarcely been mentioned in the lecture, 
though this feature of A.R. III has been stressed in Press reports of demonstra- 
tions of this machine. Bearing in mind that the primary utility value of a 
gyroplane is safety, he considered that only a limited amount of manceuvrability 
is desirable in the design of a gyroplane. Although it is possible to operate 
this tvpe of aircraft in confined areas, he did not think that those areas should 
normally be so confined that a high degree of manceuvrability is essential. Rather 
should the aim be to decrease the minimum horizontal speed and increase the 
angle of climb so that the pilot is given more time to think. It is this particular 
quality which differentiates the gyroplane from the fixed wing type of aircraft. 


REPLY TO THE DISCUSSION. 


With regard to the Chairman’s remarks, I would like to apologise for the 
exhibition of poor photographs and am obliged for his very valuable advice. 
Circumstances forced me to show at the lecture a miniature film which repre- 
sented the first effort of an amateur. 


*Z.F.M., 1933, Nos. 15, 16 and 17. 
10Z.F.M., 1982, No. 8. 
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I would further like to express my thanks for the very complimentary remarks 
made in the discussion by the various contributors. 

Captain Courtney’s ‘‘ credo ’’ is so much more appreciated as it comes from 
a man who combines a wide practical experience in aviation, generally with a 
good inside knowledge of the rotating wing field in particular. 

I am grateful for Dr. Thurston’s remarks, especially for his reference to 
Major Jack Coats, to whom is due a great deal of credit for anything I have 
been able to achieve. 

I well remember my first flight in a Cierva autogiro with Mr. Brie in 1933, 
which impressed me very much. I do not agree with him that a direct take-off 
gyroplane furnishes at least ninety per cent. of the most desirable features. This 
would be the case only if performance did not count. I consider that the heli- 
copter to come will be more efficient and in fact mechanically simpler than the 
existing gyroplane. It will permit a lavout with an extremely good view for 
both pilot and passengers, all of which are highly desirable features which will 
affect the choice of the ** man in the street ’? very much. 


The diagram which Dr. Townend mentioned showing the contrast between 
jumping and towering take-offs of the A.R. III was obtained from film records 
and is in agreement with calculations. It was drawn to scale. In both cases 
wind conditions and initial rotor revolutions were identical, and it serves, there- 
fore, as a good comparison. ‘The towering take-off in question was shown later 
in the film. On one or two occasions when an extreme jump take-off was carried 
out the aircraft in the subsequent sink actually touched the ground. There is 
very little difference aerodynamically between the Cierva autogiro and the Hafner 
gyroplane. The extra controllability of the latter is mainly due to the fact that 
the control is free from parasitic loads, and together with a low gear ratio to the 
joystick, which is possible in such a case, enables the pilot to carry out the 
various flying manceuvres quickly, effortlessly, accurately and with confidence. 
During flight the lift control is required to adjust the blade to the optimum pitch 
for steady flight conditions. ‘‘ Manoeuvres ’’ with this control were made on few 
occasions only and are not shown in the film. 


With regard to the strength of the blades in larger machines, the bending 
moment at rest is generally a criterion. In this case the same formula apply 
as when scaling up ordinary wings. I have so far only investigated rotors up to 
fiftv feet diameter, and have found no difficulty whatsoever in this respect. | 
understand that experiments with components in variable pitch airscrews equiva- 
lent to flexible tie-rods have been carried out, but I am not aware of any such 
airscrew being on the market. The pitch variation performed by the spider in 
the A.R. III, as mentioned in the lecture, does not fully satisfy the theoretical 
requirements. There are various possibilities to obtain a closer approximation, 
but before any such step is made I consider that it is necessary first to obtain 
more accurate data as to the requirements, particularly a true picture of the 
induced air flow in the rotor disc. It will then be possible to design a rotor 
which will be more efficient at least for one predetermined speed. As regards the 
flapping of blades an analysis of this point would go beyond the scope o! this 
reply. I would only mention the following :— 


The formula 
ad*z /dt? + bdx/dt+ca=f (t) 
applies to this case. 


For a flapping blade x would be a small angular displacement from a chosen 
plane of reference determined by the control spider, say the general plane of 
rotation. The first term, giving inertia forces, is self-explanatory. The second 
term, the damping forces, is at a maximum where the ‘‘ flap speed ’? da (di is a 
maximum. In a rotor blade these damping forces are obtained in that the 
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‘* flap speed ’’ added vectorially to the speed of rotation alters the effective angle 
of attack of the aerofoil and with it the lift of the blade, in other words upward 
flapping decreases the lift and vice-versa. The damping in rotor blades would be 
absent if, for instance, round tubes instead of blades with aerofoils were used. 
The third term gives the restoring forces which vary with the flapping displace- 
ment x. Centrifugal force is one factor and the linkage of the blade to the hub 
another. As distinct from a control advance of ninety degrees, which leaves the 
geometrical blade pitch independent from flapping movements—a control advance 
other than ninety degrees, by which flapping is associated with a geometrical 
pitch variation, produces aerodynamic restoring forces expressed in the term cy. 
The point I wish to make in analysing aerodynamic force on the blade is the 
important distinction between the damping forces and the restoring forces. | 
do not propose to discuss the various familiar solutions of the above-mentioned 
equation in detail, but only those which refer to this discussion. When I spoke 
in the lecture of a higher natural flap frequency of blades with a control advance 
of less than ninety degrees, I meant in this equation the case where f(t) is 
equal to zero or a constant which gives the free oscillation of the blade after a 
single impulse, such as a gust. The flapping frequency depends then basically 
on cx, which in turn, as explained above, is dependent on the control advance. 
Indeed, if the latter is too large we have no more flapping, but an aperiodic 
unstable condition. So much for free oscillation. If f(t) is a periodic function, 
say in phase with the rotational speed of the rotor, we have the case of a forced 
oscillation, which, of course, has the same frequency as f(t), but it is important 
to point out that the amplitude of such forced oscillation will depend on the ratio 
between the frequency of f(t) and the natural frequency of the blade as explained 
above, and this amplitude would be a maximum in the case of ‘‘ resonance ’’ when 
this ratio is I. 

| feel that the conception of ‘‘ performance ’’ as expressed by Dr. Watts is 
only applicable in comparison with various types of the same kind. (The ‘* per- 
formance ’’ of an aeroplane, for instance, vis-a-vis a taxicab would be hopelessly 
poor if there was the question of taking two people from Kingston to Paddington 
Station.) I am, however, in agreement with Dr. Watts that the top speed of a 


gyroplane is somewhat less than that of a corresponding aeroplane. The 
explanation of this is mainly—to put it bluntly—that the former has unfortunately 
two aerial screws pulling in various directions, and this is one too many. The 


helicopter in which the rotor will supply propelling as well as sustaining force 
will by saving the losses in the tractor screw be in a very much better position 
to compete with regard to performance; and for these reasons I believe that the 
helicopter will in future take this field. It would meet both Mr. Forman's and 
Herr Kronfeld’s wishes. 

Mr. Norman’s reference to aerodromes for rotative-wing aircraft is very 
interesting. Such thoughts have occupied my mind for some time. As regards 
the London area I would refer to Mr. Brie’s ‘‘ riverdromes ’’ which I consider 
an inexpensive and practical possibility. I believe, however, as a more general 
solution in an adaptation of petrol stations in town and country, provided that 
they are reasonably free from surrounding obstacles, to ‘‘ landing stations "’ for 
this type of aircraft. The necessarily more turbulent air at those places must be 
met by an increased controllability which requires to be effective right to the 
moment of contact with the ground. The A.R.III has not only operated from 
aerodromes, but from similarly confined spaces, and its controllability has proved 
entirely satisfactory. ‘*‘ Bumpy ’’ air is never experienced by the pilot directly, 
but via the medium of the aircraft. If, for instance, a mechanism in an aeroplane 
at a bump could instantly and correctly alter the angle of incidence of the lift 
producing member (i.e., wings, flaps, etc.), ‘‘ bumpy ’’ weather would not be 
experienced. The control linkage in the A.R.III, which automatically levels out 
variations in lift, meets such requirements to a great extent. I have, in fact, 
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found by experience that ** A.R.II1 weather ** is much more comfortable than, 
for example, ** Aeronca weather.’’ 

The blade loading in rotating wing aircraft mentioned by Mr. Radcliffe is 
equivalent to wing loading in aeroplanes. The former affects the circumferential 
speed of the rotor, and consequently the top speed of the aircraft. Increased 
circumferential speed means increased centrifugal forces on the blade, and as 
this is linked up with improvement in blade design it is impossible to predict a 
figure, apart from the fact that reasons of economy limit circumferential speed to 


below the speed of sound. The inferior gross weight to tare weight ratio of 
gyroplanes is partly due to the already mentioned peculiar combination of two 
aerial screws involving relatively high energy losses. The helicopter, after the 


abolition of the traction screw, giving an aerodynamically far cleaner picture, 
will be in a position to start with a better handicap in this respect, and, as 
Monsieur Breguet’s paper showed, holds out very good promise. 

I consider that Dr. Bennett’s communication is on the whole a repetition of an 
article by him published in ‘* Flight ’’ of October 28th, 1937, where he opened 
a controversy on my paper. I have replied to this in detail in ‘‘ Flight,” 
November 11th, 1937, and I confine my comments here, therefore, to a few 
additional points which are considered complementary to that reply. 

Dr. Bennett considers the general use of the phrase ‘‘ direct feathering "’ to 
describe the A.R.III control as misleading terminology, since bodily tilting of 
the hub also produces feathering, and moreover he prefers to describe the former 
as a ‘*‘ false hub ”’ control. I cannot agree with this nomenclature which con- 


fuses means and ends. 

Since the purpose of any control of flapping blades, as Dr. Bennett himself 
points out, is to effect a change of the plane of rotation aerodynamically, while 
the function of any hub proper is simply to permit the rotating body to revolve, 
it is the feathering which is the primary desideratum and not the motion of the 
hub, which is a true hub whether its axle is tilted or rigid. His use of the 
term ‘‘ false’? in connection with the latter hub may more truly be described 
as misleading. ‘‘ Direct feathering ’’ is a justifiable description of a control 
which involves only those members and forces which are directly associated with 
blade feathering, as distinct from a method which, merely in order to feather the 
blades, involves the tilting of the whole hub unit, which carries loads equal to 
‘about ten times the weight of the aircraft. Dr. Bennett’s term ‘‘ false hub" 
control applied to the A.R.III has as much justification as describing, for instance, 
a Diesel as a ‘‘ false ignition ’’ engine because it has no magnetos, cables or 


sparking plugs. 

As regards my references in the paper to “ flap ’’ in blades, it is not my 
intention to depart from the definitions by Glauert and Lock, as can easily be 
seen from my mathematical analysis, where both spider and blade motions are 
considered relative to the plane of rotation of the hub. My sentence defining 
flap as departure from the pure sine curve was in qualification of the previous 
sentence, and was limited to this connection, meaning that flapping of the blades 
in their physical sense, i.e., departure from the pure tilt of the plane of rotation 
produced by the first harmonics, was undesirable in a satisfactory rotor control. 

Dr. Bennett’s calculations deal with only the ‘‘ elementary * effects of the 6, 
angle, and my view on the effect of the control advance on the higher harmonics 
of flapping is amplified in my reply to Dr. Townend. 

With regard to coaxiality of flapping hinges, I should like to qualify a state- 
ment which I made in ‘‘ Flight."’ This characteristic of the design of the A.R.III 
hub is not so much an essential requirement generally, but was essential for 
certain effects desired in this control. I would recall that in the lecture I showed 
a photograph of both coaxial and non-coaxial hubs. Dr. Bennett alludes to 
defects in a pure coaxial arrangement; I am not quite clear to what he 's 
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referring, but since he mentions that they are apparent to pilots, | presume that 
such ‘*‘ defects ’’ must have an effect on the control; I agree that in a tilting 
hub, as | mentioned in my spoken lecture, a departure from coaxiality may be 
necessary to provide stability about the control hinge, but such a consideration is 
irrelevant in cases where the axle of the hub is rigidly secured to the machine. 

Dr. Bennett criticises the coefficient of journal friction of .1 employed in my 
analysis (see *‘ Flight ’’ 11/11/37) of the loads in a tilting hub control. I admit 
that it is possible that this may vary by plus 50 per cent. or minus Io per cent., 
but that it is more likely to be on the higher side in practice will, I think, be 
agreed by those who have experience with bearings under such conditions. 

The vertical offset of the tilting hinge assumed in the analysis of stabilising 
loads was scaled down from drawings of the C.30 hub published by permission of 
Dr. Bennett’s firm. One reason why the measurements referred to by Dr. Bennett 
do not agree with my figures might be that they were not based on a control 
movement such as is assumed in my analysis. 


I have explained in detail in my reply to Dr. Townend why the diagram 
(Fig. ga) is a fair comparison between ‘‘ jumping ’’ and ‘‘ towering ”’ take-offs 
in general. 


The pitch control of the A.R.IIL permits a wide range of direct take-offs from 
the ordinary aeroplane take-off to the extreme jump, and includes in its scope 
such variations as may be effected by an automatic pitch control as in the 
‘jumping ’’ autogiro aircraft. Dr. Bennett refers to a ‘‘ different quality ’’ of 
jump take-off achieved by the autogiro aircraft. His meaning is not quite clear, 
but if by ‘‘ quality ’’ he means the purely quantitative factor of height attained 
in the jump, this is dependent on the amount of over-driving of the rotor which 
a designer may think fit to employ in a particular machine. If a good towering 
take-off may be achieved under all conditions without excessive initial rotor 
r.p.m., | see no advantage in putting engine, rotor, aircraft, pilot and passengers 
“over the high jump.’’ 

I am sorry that I am still not forgiven by Dr. Bennett, even after my remarks 
in “ Flight ’* concerning Schrenk’s well-known paper, and hope that those 
interested will look up his references in ‘* Z.F.M.”’ 

Finally, while the slow flying and angle of climb of the A.R.III] confirm my 
agreement with Dr. Bennett on the importance of these qualities, | would like 
to stress again my opinion, already expressed in connection with Mr. Norman's 
contribution, that rotative-wing aircraft are expected to operate from confined 
spaces, and the necessarily more turbulent air there and in fact anywhere near 
the ground must be met by an increased manceuvrability which must be effective 
right to the moment of contact with the ground. Gusts will not give the pilot 
time to think, however slow the aircraft may be able to fly, but call for quick 
response, which is only possible with an effective control. I consider, therefore, 
a ‘‘ limited amount of manoeuvrability ’’ in such aircraft a source of danger which 
has to be eliminated as far as possible. 

Lieut.-Colonel J. T. C. Moorr-Brasazon: They would all agree with what 
Squadron-Leader Norman had said, that the lecturer, in addition to his technical 
success, had achieved further successes by reason of his personality. He himself 
had enjoyed the lecture very much, and what had given him most pleasure was 
that he had seen on the screen—although the photograph was a bad one—a man 
flying in a Homberg hat. That was good news. It seemed to bring much closer 
the possibility of the man in the street flying in the air, instead of such flight being 
a monopoly of the State. He was also very gratified to see in a scientific paper 
a reference to short taxi runs by air, door to door journeys. These were big 
words. And then to think that a foreigner should have uttered words like these: 
“We must beware of the limitations of fixed ideas; and if we are to avoid flying 
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and thinking in circles we must make the wing rotate.’’ That was great stuil! 
He would like to have those words printed in big letters and put up in the offices 
of some of the aeroplane manufacturers who were so busy that they could not 
come to that meeting that evening. He thought everyone present had enjoyed 
Herr Hafner’s paper, and he had great pleasure in proposing a vote of thanks 
to him. 


The vote of thanks was accorded by prolonged applause and the meeting 
terminated. 
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THE GENERALISED THEOREM OF THREE MOMENTS FOR THE 
CASE OF PARABOLIC LATERAL LOADING.* 


By Capt. J. Morris, B.A. 


$1. INTRODUCTION. 

In the usual Berry (1) expression of the generalised theorem of three moments 
(i.e., generalised in the sense that end load deflection effects are taken into 
account) the lateral loading on a continuous beam is regarded as uniformly 
distributed over each bay into which the beam length may be divided (either 
naturally by supports or artificially for convenience of analysis). In this paper 
the lateral loading is taken as distributed parabolically so that the resulting 
equations may be used as a sort of Simpson’s rule for dealing with any arbitrary 
loading. By taking into account the ‘‘ sinking ’’ of supports any particular 
beam can be divided up into a convenient number of bays over each of which 
the lateral loading may be assumed to be parabolic. We may thus obtain 
reasonably accurate solutions for the bending moments, etc., in a continuous 
beam under almost any type of lateral loading. This paper sets out the three- 
moment equations for parabolic loading cases (§2) and gives the usual auxiliary 
formule for finding maximum bending moments, etc. ($3). A mathematical 
appendix gives the derivation of the formule concerned. These formule could 
also be derived from the general expressions given by Howard (2). 


$2. THREE-MoMENT EQUATIONS. 
Referring to Fig. 1, let AB be taken as a bay of a continuous beam of uniform 


section and uniform elastic properties. Let the lateral loading (continuous) over 
the bay be w, per unit span at A, w, at the mid point O and wy at J. 


A 
1. 


Let the loading over the bay be represented by a parabolic arc passing through 
the ordinates given by wy, w,, Wg, these being measured vertically from the base 
line Oz and the axis of the appropriate parabola being taken as vertical. Then 
the loading at any point in the bay distant 2 from O will be given by 

Wy = Wot (Wy — Wa) a)— (2 Wo— Wy — Wy) (27/2 0”), 
the length of the beam being 2a as indicated in Fig. 1. 


* Published by permission of the Air Ministry. 
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Taking the end load P to be compressive, the elastic equation for the beam 
is as usual 


d?M /dz* + p?M=u,, 
or 
d?M /dx? + (wy — (2/2 a)—(2 wo— Wy — Wy) (27/207). 1) 
where M=bending moment at point 2=KI/d?y/dz*. 
I=flexural moment of inertia of beam. 
E=Young’s modulus. 
(P/EI). 


a being the usual Berry angle. 


If now we proceed to solve this equation (1) on conventional lines we obtain 
the following three-moment equation for the compressive end load case 
considered :— 


(a,/E,1,) Myf (a,)+2 Mg [(a,/E,1,) (a) + (a (ag) + (2 Mef 


{ (wy), + (wg (a,) +3 { (0,/2))/0,? } 
+ {2 (ida (Wa) { (a,)—1)/a,? } (a,3/L,1,) 
+[4 { (Wao t+ } (a2) +4 { { (1-6 2)) 
+ { 2 (W.)o— — { (Y (a2) —1)/ay? } | 
+ (3/2 4,) Ya- — (3/2 42) Yo) . . (2) 
the lateral loading over the two consecutive bays, being as indicated in Fig. 2 
and the functions f(a), @(a) and W(a) being the usual Berry functions (see t! 
Mathematical Appendix). Is 
a 
W 
(4), CZ 
(44) A 
A 
FIG. 2. 
For the case of tensile end loads equation (2) becomes 
(a,/E,1,) M,F +2 Mg [(a,/E,1,) ® (a,) + ® (09) (42/E 212) McF (23) 
[ (wy), + (w } ( a,)+4 { (wi),— (Up } { (a,/2)— 1) a, 
+ (3 { (Wa)o+ (We)p } W (a,) +4 { (Wade — Wen} { (D (a,/2)—1)/a,? } 
+ (3/2 4) Ya- — (3/2 42) Yo) : (3) 
For one bay in compression (AB) and the other (BC) in tension the three- 
moment equation becomes 
(a,/ E,I,) M,f {a,)+2 Ms [(a, ) (a,)+ (a, (a3) 
[2 { (wat (wp } ¥ (a,) +4 { 2))/a,* } 
2 (wy)o— (Wi)a -(w,)p { (a,)—1)/a,? } I,) 
+[3{ (wa)ot } (We)o— (Wap } { 1)/a,7 } 


(3/2 (Ya— Ya) — (3/2 Ya- Yo) : (4) 
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[i may be noticed that if 2w,=w,+wW,, then the loading becomes linear over 
the bay. In such a case the expression for the theorem for the compressive 
load case reduces to 

(a, E,I,) M,f M, [(a, /E ) (a,) + E.I,) (a,) | + (a, 2) M, ( 

2 { (wy a+ (w,)p } (a { (w wa —(w,)z } { (a, /2)) /a,2 } ] (a 
(Wyo t (Wag } +3 { { (1-¢ (a2/2))/a,? } (a 1,3/E,1,) 
+ (3/2 Ya- Yn) (3/242) GS) 

Again, if wz=Wy=W,=u', the equations (2) and (5) reduce to the ordinary 
Berry form (1) 

(a, M,f (a,)+2 /E, I ¢ (a,)+ I. o) (a, 2) |+ | E,I,) M of (a 

1,) (a,) )+ (w, (a) 

In the case when the end load is absent the theorem with parabolic loading 
may be shown to become 


(a,/E,1,) M, +2 [(a,/E,1,) + (4,/E,1,)] Mgt (aa) Mc 
[(w,),/15+4 2(w (a, 5/E,1,) 
[(Wa)e/15 + 4 (We)o/5 +2 (We)p/15 | 
+ (3/2 4,) (Ys— YR) — (3/2 Yo) (8) 


It will be noted from a comparison of the new three-moment equation (2) and 
the standard form (7) that the extra work required to deal with parabolic loading 
is relatively small and quite straightforward. Thus in cases where for greater 
accuracy one has the choice either of decreasing the length of the ‘‘ bays ’’ into 
which a beam is divided or of changing from uniform to linear or to parabolic 
loading equations, the latter course may be the easier. 


§3. AUXILIARY ForMUL2. 

Returning to the original general problem, we find that in the compression 
case the bending moment at any point in the bay is given by (see Mathematical 
Appendix) 

M=4 [(M,— My) — (ww, — (a?/a?)] (sin pa /sin a) 
+ My) — (wy + wy) (a?/a?) — 2 (2 wy, — wy) (a*/0*)] (cos pax/cos a) 

+ [wy (a?/a?)+ (2 (a? /a*)] + (wy — WR) (aa /2 a?) 

(2 Wo— Wy, — wW,) (x? /2 a”) (9) 
Thus 

dM /dx=% [(M,— (wag — wg) (a? | (a cos pa/a sin a) 
[(M,+ Mj) —(w, + wa) (a?/o?) — 2 (2 wo— — wp) 
t (Wy — Wa) 07) — Wy) (10) 


ae a*) | (a sin a COs a) 


and the value of a for which 
dM /dzx=o 


will give the point in the bay at ehiiols the mathematical maximum or minimum 
bending moment (if any) occurs. 


The oebeeeniion expressions for tension are 


[(M,— My) + (ey — wg) (07, | (sinh pa/sinh a) 
(My + Mg) + (wat wy) (a?/a?) — 2 (2 wy — wy — Wg) (cosh ux/cosh a) 
+ [—w, (a7/a?) + (2 wo-- Ww, — Wy) (a? —(w,— Wa) (aa/2 a?) 
and 
dM /dx=% [(M,— My) + — wy) (a?/0?)] (a cosh sinh a) 
+4 [(M, + M,)+ (w,+ (a?/a?) —2 (2 Uy) (a? /a*)] (a sinh cosh a) 


W's) (a/2 a*) +(2w 


o— Uy — Wp) (@/a?) (12) 


) 
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For the slopes ¢, and , at the ends of the bay AB it is found that ‘or 
compressive end loads 
El9,=(2 M49 (a) + (a/3) Mof (a) 
— [4 (wy t+ wy) (a)—$ (wy — wy) { (1-¢ (a/2))/0? } 
+(2Wo—W,— Wg) { (W (a)—1)/a? } | 4) - (13) 
— (4/3) Myf (a)—(2 4/3) (2) 
(Wa + Wp) (a) +3 (Wy— Wp) } 
+ (2 wo—Wy— Wy) { (Y (a)—1)/a? } (14) 
These may conveniently be rearranged thus 
M,=-—(3 EI/2 a?) { (a/2) } 
+4 (w, + a*o (a/2)—4 (w,— Ww ») a* (I-—@ (a/ 2))/a° (a/ 2) } 
w,—w, — wy) a? (a, 2)/v } { (a) —1)/a? 
+ (2 EL /a) { (a)/¥ (a) } 4+ (EL/a) { f (a)/¥ (0) } 15) 
—My= —(3 EI/2 { (2/2) } 
—4 (wy, + wa) (a/2)—4 (wy—w,) { (a/2))/07@ (a/2) } 
{ (a/2)/P (a) } { (a)—1)/a? } 


+(EI/a) { f (a)/v (a) } + (2 El /a) { (2) } (16) 
In the case of tensile end loads these moment and slope relationships become — | 
M,=—(3 EIl/2 { (a/2) } 


1 (w,+W,) (a/2)—4 (wy—w,) a? { (P (a/2)— (a/2) } 
Wy) { B(a/2)/V (a) } { (2) } 
+ (2 KI, a) { (a) wW (a) } t (EI/a) { F (a)/W (a) } (17) 


— M,= —(3 El/2 7) { (yy—Yp)/® (2/2) } 


(w,+ (a/2)—4 (wy — wg) { (2/2) (0/2) } 


6 A 
a 
(2 wy —wy— wp) a? (a/2)/B (a) } { (a))/a? } 

(EI/a) { F (a)/W (a) } o, (2 EI/a) { (a)/W (a) } (18) 
the bending moments having the usual conventional sign, i.¢., both positive if 
tending to hog the beam. 

With regard to shears we find for the bay AB :— 

(i) Downward shear by member AB on A 
S,= {M,—Mg+P {2 } a. 
(ii) Upward shear by member AB on B 
{M,—Mg+P } [24-4 { 2 Wot } a. 

For each point such as A and B, therefore, there will be equilibrium between 
the shears on either side and the reaction or concentrated load (if any) as the 
case may be. 

MATHEMATICAL APPENDIX. 
Referring to Fig. 1 we have the equation (1) of the text :— 
d?M / da? + p?M=w,+ (w,—Wa) (2/2 a) — (2 wo— Wy — Wy) (@"/2 0”). 
The solution of this equation is found to be W 
M=A sin pa + B cos ur + | wo— Wy — Wy) / | 

+ (W,— Wg) ap?) —(2 Wo— — Wg) . (19) | 
where A and B are constants of integration. 

Since = M, when x=a, and M=M, when x= ~—a, we have from (19) 

M,=Asina+Bcosa+w, (a?/a? ) + (2 Wy, — Wy) (a? 
M,= —Asina+ B cosa+wy, (a*/a*) + (2 wo— Ww, — Wg) 


en 
‘he 


19) 
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where a=pa. 


+ [( My, M - (wy (a? |, sin a 


and 
B=} [(M, + Mg)— (wy + wy) (7/0?) —2 (2 Ww, — (a? /a*)]/cosa 
Substituting these values of 


A and B in (19) we have 
M=% [(M,— Mg) — (wy —wy) (a@?/0?)] (sin pa/sin a) 
+ Mg) — wp) (a?/0”) —2 (2 wy — wg) (a?/0")] (cos px/cos a 
+ [we (a?/a?) + (2 wo— wy — Wy) (47/04) + (wy — wy) (aa/2 2?) 
— (2 Wo — — Wy) (27/2 a?) 


(20) 
Integrating this twice then gives 


— (a? /a”) | (a? sin pa /a? sin a) 
0?) —2 — Wy — Wy) (a? /a*) | (a? cos pax /a? cos a) 
+ [We (a? /a*) + (2 Ww, — Wa) (a?/a*) | (x? /2) + (Wy — wy) (az? /12 a?) 

— (2 Wo— Wy — Wey) (@*/240°)+C (a—z)+ . (21) 
where C and D are constants of integration. 


Since y=y, when z=a, and y=y, when x= —a, we have 
JA JB ’ 
Ely M, (a* /a) Ws (tia / 1/8 at 


(1/a°+1/2at+1/24 a?) at 


+ W, (2/a°+1/a4+5/12 a7) Da (22) 
— My (a?/a?) —wy (1/a%+1/204+1/24 a?) at 
— wy (1/o®—1/2 at—1/8 a?) at 
+ Wy (2/a®+1/at+5/12 a?) at+2Ca ‘ (23) 
Subtracting (23) from (22) we obtain 
—(M,— Mg) (a? /a?) + (wy — wg) (1/at+1/6 07) at +2 (D-C) 
and differentiating the equation for EIy we obtain for the slope, 
EI dy/dx= —4 [(M,—M,)-(w,-—w (a cos pa/a sin a) 
(M, +My) —(w,4+w,) (a?/a?)-—2 (2 (a?/a*) | (a sin ua / a COS a) 
+ [we (a?/a?) + (2 wWo— Wy, — Wp) (Wy — Wa) (ax? /4 a”) 
16 a2) + (24) 


Putting x successively equal to a and —ua, we find that 
[(M,— Mg) —(w, (a?/ 07) (a cot a/a) 
[(M, + Mg) (wy + wg) (a?/a?) —2 (2 wo— — Wy) (a? /a*) | (a tan a/a) 
+ [we (a*/a) + (2 wo— Wy — (a? /a*) | + (wy — wg) (a? / 4 0”) 
—(2Wy—W, — Uz) (a*/6 a?) + (M, — My) (a/2 a”) 


— (wy (1/a*+1/60 2)+(E I/2 a) 
M, Ms) — Wy -W (a? /a? (a cot a. a) 
4 [(M,+M,)—(w,+w (a? /a?)—2 (2 — Wg) (a tan a/a) 
— [we (a3 + (2 Wo— Wy — Wy) (a? / a4) | + (Wy — Ws) (a? /4 


+ (2 Wo— Ww, — Wy) (a°/6 a?) + (M, — Mg) (a/2 a”) 
—(W,— Wy) (1 + 1/6 a?) (a? /2) ( KT 2 a) YR) 
which may be written 

E1¢,=(2 4/3) Myo (a) + (a/3) (a) — [4 (ey + Wy) (a) 

(w,—wWy) { (1—@ (a/2))/a? } +(2 wo— wy — wy) { (a) —1)/0? | (a*/3) 

Elgg= — (4/3) Maf (a)— (2.4/3) (a) + [4 (Wa + Wp) (2) 

rd { (1-9 (a/ } } + (2 wWo—W,— Wp) { (a)—1)/a? } | (a*/3) 


| | 
5) 
)} | 
if 
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where f (a), @ (a), ¥ (a) are the Berry functions 
f (a)=6 
 (a)= 


(a)=3 (tan a—a)/a® 


3 (1 —2acot 2 a)/( 


The corresponding functions for tensile end load are 


F (a)= )/(2 « 


6 (1—2 a cosech 2a 


\2 


(2 a cosec 2 a—1)/(2 a) 


a)? 


1)2 


® (a)=3 (2 a coth 2 a—1)/(2 a)? 


W (a)=3 (a—tanh a)/a5 


For the 
‘* The Strength of Spars ’’ of A.P. 970 (3). 
Taking now two successive bays Ab, BC and exp 
the slope at BD is the same for both, we have 
(1/3 ) [-a,M,f (a,)— 
(a,)—1)a,? } 


+ {2 (Wy)o— — } 


(1/3 E,1,) [2 (a7) — { (w. 


— { 2 (Wa)o— (We)o— } { (W (a2) — 1)/ 


Rearranging, we obtain the three-moment equation ( 
(a,/E,1I,) Myf (a,)+2 Mg (a,)+ (a, 


2 a, (a,) +4 { (w,), 


ressing the condition 
+ (W,)p } (a,) 
1/2, Ys) 
+ (We)p } (ag) 
} 
[2 ds) (Yg—Ye) 
2) of the text, viz. :- 
+ (a, 


(I—@ (a 2))/a 


f 


tabulation of numerical values of these functions see Chapter VI], 


that 


+ {2 { (a,)—1)/a,? } ] (a 
[2 { (We )o+ (We)p (a,) +2 { (We)p ; (a,/2 ))/a,” } 
2 (Wa)o— (Wao — (Weg } { (Y (a,)—1)/0,? }] 
+ (3/2 4,) (3/2 42) Yo) 
REFERENCES. 
1. A. Berry. The calculation of stresses in aeroplane wing spars. Trans. No. 1, Koyal 
Aeronautical Society. 
2. H. B. Howard. The stresses in aeroplane structures, Chap. VI (Pitman, 1933). 
3. Design requirements for aeroplanes for the Royal Air Force (A.P. 970, revised edition, 
May, 1935). 
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MODEL EXPERIMENTS ON THE SITE OF RONGOTAI AERODROME, 
WELLINGTON, NEW ZEALAND. 


By C. I. Kipson. 


Wellington, the capital city of New Zealand, is situated in the south of the 
North Island, among the mountainous masses 2,oooft. high which form the 
northern shore of Cook Strait. The winds in this latitude are strong and 
persistent, and this, combined with the venturi effect of the Straits, gives 
Wellington a very boisterous climate. The average run of wind per 24 hours 
is 310 miles and the average number of gales of force 8 or over is in excess of 
60 per annum. There is little open ground near the city, and there is no aero- 
drome site within 30 miles which is free from atmospheric disturbances or 
topographical defects. 

In view of the short distances of air line routes and the slowness of surface 
transport, it is most essential to develop an aerodrome near the city to carry as 
much of the scheduled air services as possible. The remainder will be diverted 
in future to an alternative ground at Paraparaumu, 4o miles to the north. Fig. 1 
is a map of Cook Straits showing these localities. 

Of several possible sites the Wellington City Council had selected Rongotai 
and put in hand its development as early as 1928. Air line services were mooted 
in 1934 and the question of the suitability of this site was once again opened up. 
The local Chamber of Commerce organised a technical committee, consisting of 
the leading authorities on aviation and civil engineering in the Dominion, who 
made a thorough investigation of all sites proposed. They reported that Rongotai 
was the best offering, and suggested as a basis for further investigation, a scheme 
of excavation of the hills to the south-east (Moa Point) and reclamation of the 
bay to the south (Lyall Bay). 

At the direction of the Wellington City Corporation this proposal was examined 
by the author with a view to bringing forward a final design. The usual data 
for aerodrome design were collected, but wind tunnel testing on a model of a 
scale of 1 to 600 was the chief feature of the investigation. 

In view of the peculiar nature of the surroundings it was decided to make the 
model large enough to include a circular area 5,000 feet from the centre of the 
aerodrome. The whole area was completed in permanent materials, except that, 
in the vicinity of Moa Point; this was removable, so that tests could be made 
of modified shapes. The wind tunnel was roft. by 16ft. 8in. and was constructed 
to cover the whole diameter for a width of 10 feet and to a height of 36 inches 
or the equivalent of 1,80oft. on the full scale. Change of wind direction was 
obtained by rotating the model under the tunnel. The wind was drawn through 
a louvre with streamlined blades, over the model and through a honeycomb with 
6in. squares by three propeller fans. These were aerofoils of Fokker high lift 
type, as being simple to manufacture in a place where few facilities exist for the 
work, and were tapered to give equal lift over equal areas of tunnel. So far as 
subsequent measurements showed, this object was attained to within something 
under 5 per cent. close to the fans, and elsewhere to a much greater degree of 
accuracy. The propellers were geared together by chain drives, and wheels were 
provided to give air speeds of 24, 5, 6.4, 7.5 and 20 feet per second. The fans 
required about 5 h.p. at the highest speed. A view of this tunnel with model in 
place is shown in Fig. 2. The louvre is removed to take the photograph. 

165 
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The presence of scale effect would destroy the value of the whole investigation ; 
but it seemed fairly certain that with a Reynolds number of the order of 2x 10° 
to 2x 10° turbulent flow of the same type as experienced on the aerodrome itself 
was to be expected, where Reynolds number varied from o to 10!° for the same 
area. The model showed many irregularities and sharp edges which would 


0 The Brothers 


1. 


ensure turbulence, and though major eddies in the air drawn over the model were 
damped out by the louvres no effort was made to obtain streamlined flow, as 
this was regarded as not representative of fact. No experience of this work 
was possessed by anyone in the country, and some considerable searching ol 
records failed to disclose any other similar work, except that of the testing of 
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the Rock of Gibraltar (Met. Office Geophysical Mem., No. 5). The Gibraltar 
model was 1/5,000 full size, but no scale effect was deemed to be present, and 
investigation on Bell Rock Lighthouse (Met. Office Geophysical Mem., No. 1) 
proved definitely that scale effect was absent in the model tested there. 
To indicate the nature of the flow it was regarded as necessary to do three 
things :-— 
(1) To obtain a general indication of air flow over the whole model. 
(2) To measure spot velocities at many points in and near the aerodrome 
itself. 
(3) To have some visual indication of the nature of flow round such 
natural obstacles as Rongotai Terrace to the north and Moa Point to 
the south. 


As the model was coloured light yellow the use of two strands of black natural 
silk proved the most suitable method of indicating the general air flow. These 
strands were mounted on needles at heights corresponding to 100 and to feet 


2: 


General view of the model and wind tunnel. 


above the surface. It was found that artificial silk was unsuitable. It required 
velocities of over 6 feet per second to keep the silks floating. 

To measure spot velocities a hot wire anemometer was made up; the element 
was a small coil of bright alloy with a high temperature coefficient. The diameter 
of the coils, of which there were something over twenty, was about 1 mm. and 
the length about 2} cm. It was found that beyond the slight oxidising of the 
surface when first brought to a red heat the characteristics of the element remained 
constant for a long time. 

The size of the element needs to be chosen by experiment to give the best heat 
range over the velocities to be measured, and it should glow a dull red in still 
air while having a temperature of about 150°F. in the maximum velocity. 

The element was placed in one leg of a Wheatstone bridge, the other three 
legs being adjusted to give zero current in the galvanometer in still air. The 
simplest method of measurement was found then to be to take the out-of-balance 
current when the element was exposed to the air flow. This measurement was 
calibrated in known velocities and the necessary curves plotted. During each 
run zero was adjusted and check readings were taken at a known velocity. The 
anemometer appeared to have practically no phase error, and to respond fairly 
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rapidly to changes in velocity, while not recording high frequency turbulences. 
Current was supplied by a 6v. battery. 

Some difficulty was experienced in keeping the resistances sufficiently sheltered 
to remain constant during a run, and so it was concluded that all resistances in 
this work should have zero temperature coefficients. A calibration curve is shown 
in Fig. 3. 


Most of the velocity measurements were done at 5 feet per second. 
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FIGURE 4 


For air flow details titanium tetra chloride smoke was found to give the best 
visual results at 2.5 feet per second and this was used extensively in determining 
the nature of the flow at Moa Point, and in gauging the value of its modifications. 
Check observations at higher velocities revealed no visible scale effect. 

lig. 4 shows two wind roses, the first at Rongotai Aerodrome 35 feet above 
sea level and the second at 1,650 feet. 

There is a remarkable topographical restraint of winds between these two 
layers, and the majority blow in N. and S. directions on the ground. For this 
reason tests were carried out with N.N.W., N. and S.S.E. winds only. 

The first run with silk streamers in a N.N.W. wind revealed the fact that the 
air flow in the tunnel was governed by the shape of the model, and that two 
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areas exhibited marked peculiarities in flow. These are the lee of Rongotai 
Terrace where improvements were impossible within reasonable cost; and near 
Moa Point where modification was practicable. 

Moa Point is a double topped hill about 180 feet above aerodrome level. It 
projects from a small saddle leading to the larger hills to the east, and rises 
about 7o feet above this saddle. One removable section was made in small 
pieces which could be lifted out to try the effect of any possible modifications. 
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Those which naturally suggest themselves are :— 
(1) Removal of the double tops to the level of the saddle, the resulting 
surface to be along the clearance line from the aerodrome boundary. 
(2) Removal of the seaward face of the hill to form a face parallel to the 


most useful runway. 
(3) A combination of (1) and (2). 
Six complete sections were tested as the results of such removals became 
apparent. 
A diagram of typical results of investigation of velocity distribution on one of 


these sections is shown in [ig. 5. The distribution is seen to be very complex; 


the flat spot at Moa Point is most marked. 
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A sketch of currents revealed by smoke tests in the natural section is shown 
in Fig. 6. The flow is seen to be turbulent and varies in general direction both 
horizontally and vertically. 

Smoke tests were taken for every modification of Moa Point, and_ velocity 
charts drawn out for all promising sections. The final result of such tests was a 
shape embodying completely modifications (1) and (2). 

In detail it was found necessary to make the seaward face a gentle slope of 
:1 and also necessary to remove portion of the southern precipitous face 


about 2 
Excavation was restricted to 


to give smooth air flows in N. and S. winds. 
the amount necessary to form by reclamation the strip D, Fig. 5, to the west of 
the point. A photograph of the ‘‘ natural ’’ section and the final section (as 
tested) is shown in Fig. 7. 

It was also decided as a result of such tests to extend the aerodrome over flat 
land to the west and to construct an E.-W. landing strip as near to the sea as 
possible to avoid the disturbed area at Rongotai Terrace. 
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Points of co-relation with fact were carefully recorded and the following may 
serve to show the value of the model findings :— 

(1) A marked twisting of the winds (approx. 15°) was shown in the silk 
tests ; this is noticeable in the wind roses in Fig. 4. That this twisting 
effect on the model is smaller is due largely to the effect of the tunnel 
walls. 

(2) Southerly winds are less turbulent than northerly winds. On the 
model much steadier readings were obtained with the former than with 
the latter. 

(3) The portions of the aerodrome showing disturbances on the model are 
those where special turbulences are evident in fact. 

(4) The high and low velocities on the model occur in places when good 
and bad lifts are experienced by aircraft landing or taking-off. 


Natural section. 


Final section. 


Fic. 7. 
Peaks B and C and face D removed. Spur E flattened. 
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From this it was concluded that the model experiments would give reliable 
results, qualitatively if not quantitatively ; and that the predictions on this model 
could be accepted with confidence in preparing designs for full-scale modifications, 

It must be borne in mind that variations in lapse rate cannot effectively be 
reproduced on models; wind tunnels therefore represent practically adiabatic 
conditions. Turbulence with adiabatic lapse rate has no tendency to die out. 
Super adiabatic lapse rates produce complicated wind structure even on {lat 
country; those less than adiabatic and inversions damp out turbulence and tend 
to improve flying conditions anywhere ; hence these models generally show air 
flow of the worst average structure. 

Of the general value of this type of experiment there can be little doubt, if 
conditions are favourable to its use. It can, however, only be worth while where, 
as at Rongotai, considerable typographical relief exists and where the location 
of the site cannot easily be altered. Some favourable fields of research would be 
aerodrome sites, harbours for seaplane bases, the effects of turbulence near high 
buildings, mountain passes or other danger spots in air line routes. 

Acknowledgment is due to Mr. K. E. Luke, City Engineer, Wellington City, 
for permission to use the results of work done by his departments, and to 
Mr. G. N. T. Goldie, Assistant Chief Traffic Inspector, for his painstaking work 
in the preparation of the mode! and the making of observations. 
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An Kaperimental Study of Turbulence Diffusion. (EE. G. Richardson, Proceedings 
of the Physical Society, Vol. 49, 1937, pp. 479-92. Article available in 
R.T.P., Absts.) (51/1 Great Britain.) 

This paper describes a method involving study, of the rate of diffusion, due 
to the turbulence prevailing in a stream, of a dye let into the stream. The 
concentration of the dye is measured with a beam of light and photo-electric cell, 
and the stream velocity with a hot wire anemometer, at various places in the 
stream. .\s a test of the method the latter is first applied to molecular diffusion 
and shown to give results in accordance with those obtained by other methods. 
Next, turbulence induced in a water channel by gratings of various mesh widths 
is traced. By using a pair of sources and light beams with associated photo- 
electric cells, the degree of correlation between the motions at two points in the 
turbulent stream, both along and across it, can be studied. 

Finally, the diffusion due to turbulence of the dve source at the head of a 
plate edge on to the stream is studied. Smooth plates and those having a 
sinusoidal roughness are used. It is found that both the velocity distributions 
and the rates of diffusion can be expressed in terms of a Blasius parameter and 
a factor dependent on the wave length of the roughness. 


(reneral Aerodynamical Criterion and its Application to the Determination of 
Optimum Wing Parameters. (A. Borin, Aeron. Eng. (U.S.S.R.), No. 8, 
Aug., 1937, pp. 1-12. Original in Russian.) (51/2 U.S.S.R.) 

(a) The aerodynamic criteria for aircraft in different régimes appear to be 
particular cases of the general aerodynamic criterion 

(b) The aerodynamic properties of aeroplanes in extreme régimes appear to 
be functions of two parameters :—Cy and (,, the first of which characterises the 
aerodynamic properties of the parts which give no lift and the second charac- 
terises the aerodynamic properties of the wing profile. 

_(c) For a full comparative estimate of the aerodynamic properties of aircraft 

it is convenient to plot curves of € against n. 
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Approximate Determination of. Coefficients B, and C,, in Aerofoil Design by the 
Lotz Method. (KE. Krasnovperov, .\eron. Eng. (U.S.S.R.), No. 9, Sept., 
1937, pp- 1-18. Original in Russian.) (51/3 U.S.S.R.) 
Contents :— 
1. Lotz method and its negative aspects. 
2. Approximate method for determining the coefficients C,,. 
3- Comparison of the approximate and accurate values of C,, for several 
wings. 
Approximate values of the coefficient B,. 
Comparison of the approximate and accurate values of 6, for several 
wings. 


Measurements with the Siz-Component Balance on a Model of a Flying Boat 
Supported on a Glass Plate in Order to Represent the Effect of the Water 
Surface. (M. Kohler, L.F.F., Vol. 14, No. 12, 20/12/37, pp. 583-92.) 
(51/4 Germany.) 

The model is immersed in a sheet of glass so as to represent the aircraft 
under floating conditions. The central sectior of the glass is in the form of a 
circular twin table so that the model can be ted through 360°, whilst ai the 
same time both the longitudinal and the lateral inclination of the model can be 
altered. 

The object of the experiments is to determine the resultant of all the aero- 
dynamic forces (position, magnitude and direction) acting on a flying boat floating 
on smooth water. The model represented the Dornier-Wal flying boat (high 
wing monoplane) and the results of the tests are compared with previous experi- 
ments carried out on a biplane fitted with floats. 

Whilst the force measurements on the two models are in genera! agreement, 
the moments show considerable differences which are discussed. 

Further experiments with running propellers are planned in order to investigate 
the flow phenomena more fully. 

The boundary layer existing on the plate will also be studied further in order 
to obtain some information on the effect of the nature of the surface of the water 
on the phenomena under review. 


The Effect of the Type of Surface Roughness on the Resistance of a Ship's Hull. 
(I. Khanovich, Tech. Phys., U.S.S.R., Vol. IV, No. 9, 1937, pp. 722-741. 
In English.) (51/5 U.S.S-R.) 
The object of the paper is to investigate how the resistance produced by rough- 
ness depends on the roughness parameters and dimensions of the hull. 
Two types of flow were considered :— 

(1) The density distribution of the protuberances is relatively low, so 
that the additional resistance caused by their presence can_ be 
obtained by adding the individual eddy resistance of each element. 

(2) The density distribution is so high that the entire resistance of the 
hull is due to the eddy resistance of the disturbed stream. 

The author claims that the theoretical investigations in conjunction with the 
experiments make it possible for the first time to define roughness mathematically. 
On the basis of the results obtained, various recommendations for the practical 
design of ships are made, such as— 
(1) Reduce heights of rivets to a minimum. 
(2) Increase breadth of plates. 
(3) Increase length of plates. 
(4) Smooth down the edges of lap joints and break them in the direction 
of the streamlines. 
(5) Guard against all waviness in the hull. 
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Production and Dissipation of Vorticity in a Turbulent Fluid. (G. I. Taylor, 
Proc. Roy. Soc., Series A, Vol. 164, No. 916, 7/1/38, pp. 15-23.) (51/6 
Great Britain.) 

When isotropic turbulence is set up in a fluid, e.g., by moving a grid of 
regularly spaced bars through it, the average vorticity decreases with time, this 
decrease being due to viscosity. Recently von Karman has calculated the rate 
at which vorticity is destroyed by viscosity. His equation involves only quantities 
which can be measured in a wind tunnel by means of the hot wire technique. 

These quantities have now been measured in one case, and the rate of decrease 

in the mean square of the vorticity has also been measured. In this case it is 

proved that the rate of destruction of vorticity by viscosity is four times as great 
as the rate at which vorticity disappears. Vorticity is therefore being produced 
by extension of vortex filaments three times as fast as it is disappearing. 

It seems that the stretching of vortex filaments must be regarded as the 
principal mechanical cause of the high rate of dissipation which is associated 
with turbulent motion. 


Notes on the U.S.S.R. Aircraft Strength Specifications. (M. Precoul, L’Aero- 
phile, Vol. 45, No. 5, pp. 106-113, No. 6, pp. 132-136; No. 7, pp. 156-159, 
No. 8, pp. 185-188, and No. 9, pp. 207-209.) (51/7 U.S.S.R.) 

The Russian specifications are of interest in that the maximum speed of the 
aircraft as well as its weight is taken into consideration. 

All aireraft is divided into two classes (civil and military) each class being sub- 
divided into categories on a weight basis. The load factor on the wings differs 
for each category and is moreover a linear function of the flying speed. 

Important sections of the Russian regulations deal with the stressing of slotted 
wings and ailerons. The stressing of undercarriages and shock absorbers is also 
taken in great detail, including the case where ski runners are used. 

The sections dealing with seaplanes (floats and boats) are practically identical 
with the German regulations. 

Although the Russian regulations are apparently complicated, such full direc- 
tions are given that their employment is relatively simple and should not require 
the aid of specialists. 

It appears as if the object of the Russian authorities had been to provide a 
compact handbook on the general problem of aircraft stressing for the use of the 
aircraft constructor. 


Tests of Related Forward Camber Acrofoils in the Variable Density Wind Tunnel. 
(E. N. Jacobs, R. M. Pinkerton and M. Greenberg, N.A.C.A. Report 
No. 610, 1937.) (51/8 U.S.A.) 

A recent investigation of numerous related aerofoils indicated that positions 
of camber forward of the usual location resulted in an increase of the maximum 
lift. As an extension of this investigation, a series of forward camber aerofoils 
has been developed, the members of which show aerofoil characteristics superior 
to those of the aerofoils previously investigated. 

The primary object of the report is to present fully corrected results for aero- 
foils in the useful range of shapes. With the data thus made available, an aero- 
plane designer may intelligently choose the best possible aerofoil section shape 
for a given application and may predict to a reasonable degree the aerodynamic 
characteristics to be expected in flight from the section shape chosen. 

For aerofoils of moderate thickness, the optimum camber position was found 
to correspond to that of the N.A.C.A. 23012 section. A discussion is included 
concerning the choice of the best thickness and camber for full-scale applications 
depending on specific design conditions. Data to assist in the choice of the 
optimum section for a design using split flaps were obtained by testing some of 
the better sections with trailing-edge split flaps. 
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Mazimum Forces Applied by Pilots to Wheel-T'ype Controls. (W. H. McA 
N.A.C.A. Tech. Note, No. 623, Nov., 1937.) (51/9 U.S.A.) 

Measurements were made of the maximum push, pull and tangential forces 
that could be applied to aeroplane wheel-type controls for a wide range of fore- 
and-aft positions of the wheel. The measurements were conducted with several 
sizes of wheels and several heights of the centre of the wheel above the scat. 
Various one- and two-hand grips with pilots, both secure and free, were studied 
for each of the two pilots used in the investigation. 


Extension of the New Family of Wing Profiles. (R. W. Piper, Phil. Mag., 
Vol. 24, No. 105, Dec., 1937, pp. 1114-260.) (51/10 Great Britain.) 

In this paper the use of transformation of ‘*‘ A New Family of Wing Profiles 
(Phil. Mag., Vol. 24, No. 161, Sept., 1937, p. 425) has been extended, (u) to 
reflex the tail of the aerofoil and so restrict or eliminate the travel of its centre 
of pressure; (b) to produce a section with an arbitrarily sharpened nose. The 
extensions developed separately, for simplicity, are not mutually exclusive, and 
may be combined, if desired, to give a cambered profile with a stationary centre 
of pressure and an arbitrarily sharpened nose. 


” 


Full-Scale Static Propeller Characteristics. (L. H. Enos, J. Aer. Sci., Vol. 5, 
No. 1, Nov., 1937, pp- 25-8.) (51/11 U.S.A.) 

Under static conditions the effect of tip speed is greater at blade angles o! 15° 
than at 23°. For a propeller using an R.A.F. 6 profile the tip-speed effect is 
noted above 7ooft. per sec., while for propellers using the Clark Y and N.A.C.A. 
2400 profiles the effect becomes noticeable above gooft. per sec., particularly for 
the lower blade angles. 

For a value of CU, of o.06, equivalent to a blade angle of approximately 15°, 
and a tip speed of gooft. per sec., the R.A.F. 6 promis propeller gives a (,/C, 
ratio 4.5 per cent. greater than the Clark Y and 6.5 per cent. greater than the 


N.A.C.A. 2400 profile propeller. At a C, of 0.12, ‘equivalent to a blade angle 
of approximately 23°, the values are, respectively, 10.5 and 15.0 per cent. greater. 


The ratio of the net static thrust on a single-engined aeroplane to the propeller 
shaft thrust varied from 0.85 on a high wing monoplane with several struts in 
the slipstream to 0.95 on a siveanilined low wing monoplane. 


Wind Tunnel Investigations of Tapered Wings with Ordinary Ailerons and Partial 
Span Split rage (C. J. Wenzinger, N.A.C.A. Report No. 611, ‘aia 
(s1/12 

An oun palea: was made in the N.A.C. A. 7 by 10-foot tunnel to determine 
the aerodynamic properties of tapered wings having partial span flaps for high 
lift and ordinary ailerons for lateral control. Each of two Clark Y_ wings, 
tapered 5: 1 and 5: 3, was equipped with partial span split flaps of two lengths 
and with ordinary ailerons extending from the outboard ends of the flap to the 
wing tips. Measurements of wing forces and moments and of aileron hinge 
moments were made for the two conditions of flaps, neutral and deflected. 

With split flaps of equal length both wings had practically the same (, max. 
If 30 per cent. of the ap outer span were removed for the installation of ailerons, 
a reduction in C, max. of the tapered wings with flaps might be expected of the 
order of 4 to 7 per cent. 

Ailerons of the same span were found to give higher rolling moment coefficients 
together with greater adverse yawing moment coefficients on the 5:3 tapered 
wing than on the wing tapered 5:1. In addition, ailerons of the same span on 
the tapered wings tested gave greater rolling moment coefficients and smaller 
adverse yawing moment coefficients at the same lift coefficient when the partial 
span flaps were deflected than when they were neutral. 


artial 
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Several New Problems in the Theory of Wing Flutter. (E. Grossman, M. 
Keldish, L. Popov and J. Parchomovsky, Aeron. Eng. (U.S.S.R.), No. 6, 
June, 1937, pp. 4-20 (to be cont.). Original in Russian.) (51/13 U.S.S.R.) 

The present instalment summarises the first of three papers read at a conference 

on vibrations in December, 1936, namely :— 
1. Vibration of a Wing with an Aileron. 
2. On the Vibrations of a Wing Set at a Dihedral. 
3- The Effect of the Fuselage on a Vibrating Wing. 

Extended methods are given for the calculation of wing flutter in the case of 
the system of a wing with an aileron. A series of experiments have been carried 
out for the case of torsional aileron flutter which confirm the theory and even 
explain the effect of some constructional parameters of the aileron on the value 
of the critical velocity. 


Spinning Characteristics of Wings IV—Changes in Stagger of Rectangular Clark ¥ 
biplane Cellules. (M. J. Bamber and R. O. House, N.A.C.A. Tech. Note 
No. 625, December, 1937.) (51/14 U.S.A.) 

On the assumption that the arbitrary constants added to the rolling moment 
and yawing moment coefficients are of the right order of magnitude, the following 
main conclusions are drawn from experiments on a conventional biplane with 
rectangular Clark Y wings having 0.25, zero and —o.25 stagger respectively, the 
decalage being 0° throughout and the gap equal to the chord. 

1. The value of the yawing moment coefficient required from the fuselage, tail 
and interference effects for steady spinning equilibrium is small and nearly always 
negative. 

2. The maximum value of the yawing moment coefficient to be supplied by all 
parts of the aircraft (other than wings or inertia couples) to prevent spinning 
equilibrium is Cn=— 0.025 

3. The value of stagger for test characteristics depends on the type of aircraft. 

4. At some angles of attack fin area ahead of the wing will be more effective 
than a good tail arrangement in preventing a dangerous spin. 

5. loo much reliance must not be placed on tail arrangements for preventing 
bad spinning characteristics. 

(Twelve references. ) 


Transport Comparison—Comparative Table of Efficiency of Various Makes of 
Civil Aircraft. (R. A. E. Luard, Flight, Vol. 33, No. 1515, 6/1/38, pp. 
16-18.) (51/15 Great Britain.) 

The 11 machines compared differ widely in disposable load, this factor ranging 
from 1,117Ib. (Monospar ST. 25) to 16,650lb. (Short Empire boat). (The dis- 
posable load is defined as the difference between the all-up weight fully equipped 
and the weight empty.) 


The following table gives the maximum variation in the other factors considered 
by the author :— 


Disposable load as per cent. of all-up weight ... 32 — 41% 
Cruising h.p. as per cent. of maximum h.p. 56 — 85% 
Disposable load in Ib. /cruising h. p. re 4.5 — 8.2 
Fuel consumption in gallons per ton, mile dispos- 
able load at cruising speed ... — 0.2 
No. of passenger seats... 4 — 24 
Capital cost per passenger seat ‘miles per hour 
(cruising speed) £4 
Capital cost per ton/mile disposable load for a 
flight of one hour at cruising speed... . £31 —£La49 


In addition to the above, such factors as reliability, safety and passenger 
comfort will, of course, require consideration. 
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Static Thrust Analysis of the Lifting Airscrew. (M. Knight and R. A. Hefner, 
N.A.C.A. Tech. Note No. 626, December, 1937.) (51/16 U.S.A.) 

The theoretical part of this study is based on Glauert’s analysis, the solidity 
concept being, however, eliminated as an independent parameter. 

Model experiments were carried out with 2, 3, 4 and 5-bladed rotors and ‘he 
results are generally in satisfactory agreement with theory. 

The scale effect has been evaluated theoretically and convenient charts enable 
hovering flight performance to be calculated rapidly. 


Comparative Performance of Automatic Guns. (A. Stager, W.T.M., Vol. 41, 
No. 11, November, 1937, pp- 494-0.) (51/17 Germany.) 
The author proposes two efficiency factors :— 
I. EZ G. 
2. gZ/G. 
where E,=energy muzzle of shell. 
Z=number of shots per minute. 
g=weight of shell. 
G=weight of gun. 
From comparison of the data applying to four machine guns varying in calibre 
from 13 to 4omm., it is concluded that both efficiency factors show a pronounced 


maximum in the neighbourhood of 20 mm. calibre. 


Attack on Crops by Means of ‘* Fire Rain”? (from the Russian). (Luftwehr, 
Vol. 4, No. 10/11, October/November, 1937, p- 439-) (51/18 U.S.S.R.) 
consists of a mixture of petrol, phosphorus, and carbon tetra- 
chloride which is sprayed by low flying aircraft. Principal objectives are forests 
and crops, but small villages are also mentioned. According to the Russian 
author, the *‘ fire rain ’’ is more effective than incendiary bombs when _ used 


against targets of this type. 


The ‘‘ rain 


The Shock Wave and Explosion Productions from Detonating Explosives. (W. 
Payman and ID. W. Woodhead, Proc. Roy. Soc., Series A, Vol. 163, 
No. 915, 22/12/37, Pp. 575-92.) (51/19 Great Britain.) 
The mode of expansion of the disturbance produced when a cartridge of explo- 
sive suspended freely is detonated has been studied by means of Schlieren photo- 
graphy, using cameras of both instantaneous and continuous types. The records 
show that there are three phases in the life of the disturbance produced. 
1. Detonation of cartridge. The time of this phase is short (of the order 
of 107° sec.); the shock wave is smooth and precedes the front of the 
gaseous products by a fraction of a cm. 

2. The second phase lasts about ten times the first period and characteristic 
prominences due to solid particles appear in the wave front. 

3. The third phase begins when all prominences have disappeared ; the wave 
rapidly assumes a spherical form, travelling at an initial speed of app. 
500 m./sec. This speed diminishes till the wave degenerates into an 


ordinary sound wave. 


Aerial Combat—The Probability of Hitting Target as a Function of the Rate of 
Fire. (C. Brissot, Rev. de l’Arm de 1’Air, No. 100, November, 1937) 
pp. 1257-77-) (51/20 France.) 

From consideration of the mathematical theory of probability, the author draws 
the following main conclusions :— 

(1) For a frontal attack on a light bomber (aircraft approaching on the same 
course), a fighter fitted with four light machine guns (7.5 mm., firing 
rate 20 rounds/sec.) has nine chances in ten of hitting the target, the 
normal rate of approach being 200 m./sec. 


‘hr, 


tra- 
ests 
sian 
ised 


W. 


163, 


plo- 
oto- 
ords 


rder 
the 


istic 


vave 
app. 
» an 


raws 


same 
iring 
the 


ABSTRACTS FROM THE SCIENTIFIC AND TECHNICAL PRESS. 179 


Firiig starts at a range of 800 m. and the action is broken off at 
300 m. 

These results are better than can be obtained with two cannons of 
20 mm. calibre, firing rate 12 rounds/sec. 

(2) Gross fire at short distances (100-300 m.) is very uncertain in its effects, 
unless the dispersion of the gun is deliberately increased or the fire of 
several aircraft concentrated on the same target. 

(3) In future a closer adjustment between the precision of the gun and the 
accuracy of the sight is called for. 


Improvements in Aircraft Cannons. (French Patent No. 810,943.) (M. Birkigt, 
Rev. de l’Arm de 1I’Air, No. 100, November, 1937, pp. 1310-2.) (51/21 
France. ) 

The object of this patent is to reduce friction and wear as well as inertia 
loads. 

The gun is gas controiled, the novelty consisting in the fact that both barrel 
and striking mechanism can oscillate independently, although they are locked 
together over certain parts of the stroke. 

On account of the lighter barrel rendered possible by this construction, it is 
claimed that a rate of fire appreciably higher than that of the standard Hispano 
20 mm. cannon can be maintained. 


Device for Increasing the Muzzle Velocity of Shells. (French Patent No. 
804,237.) (Rev. de l’Arm de l’Air, No. 100, November, 1937, pp. 1312-3.) 
(51/22 France.) 

The shell is of smaller diameter than the gun barrel and fitted in a special carrier 
which transmits the gas pressure and follows the rifling. On leaving the muzzle, 
the carrier is shed automatically. The inventor claims that by giving a special 
shape to the shell proper, the muzzle velocity can be increased by 4o per cent. 
above current values and that speeds of the order of 1,500 m./sec. should 
be possible for machine guns The patentees are the Skoda Works in 
Czechoslovakia. 


Synchronised Control Gear for Rigid Machine Gun on Aircraft. (Luftwissen, 
Vol. 4, No. 12, Dec., 1937, pp. 367-9.) (51/23 Germany.) 

The control gear described and illustrated is that of the Rheinmetall-Borsig 
79mm. gun. As is well known, synchronised gun gears may be either of the 
electrical, hydraulic, or mechanical type. The gun illustrated operates on the 
latter principle, the mechanism being entirely wire controlled. The operation of 
the gun is illustrated from the instant a new cartridge is inserted till the firing 
takes place. The total time interval between consecutive shots is made up of :— 

(1) Time f¢, for ejecting spent cartridge, inserting new cartridge and locking 
barrel. 

(2) Rest period ¢t, from the instant the weapon is ready till the cam on the 
propeller shaft begins to operate. 

(3) Operation time interval f,, determined by shape of cam. 

For this particular gun, ft, and ft, are of the order of 0.050 and o.or7 sec. 
respectively, the effect of the operation time interval being to reduce the rate of 
fire from the theoretical value of 1,2co/minute to goo/minute. 


Wind Tunnel Tests of Air Intake Louvres. (J. R. Weske, J. Aer. Sci., Vol. 5, 
No. 1, Nov., 1937, pp. 8-11.) (51/24 U.S.A.) 

Air intakes for cooling or ventilating purposes of aircraft or surface vehicles 
may be of the projecting type designed to produce a considerable pressure, or 
else of the flush type. The latter type is advantageous for large intake openings 
and also in those instances where reduction of drag is essential. 
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An analysis of the operation of ventilating openings and a large amount of 
experimental data were presented by F. Rokus and T. Troller in a recent paper 
(Tests on Ventilating Openings for Aircraft, Journal Aeronautical Sciences, 
Vol. 3, No. 6, April, 1936, pp. 203-8). These data, however, do not include 
non-projecting intakes of relatively large size. Since the latter are of consider- 
able practical importance, an experimental investigation of several models of 
intake louvres with a large number of deflecting vanes was undertaken and the 
results are presented in the present paper. 


Family of ‘*M.G.’’ Aero Engines. (M. Bondariuk, Aeron, Eng. (U.S.S.R.), 
No. 8, Aug., 1937, pp. 32-45- Original in Russian.) (51/25 U.S.S.R. 

This paper describes the construction of a class of air-cooled radial engines, 
the general characteristics of which are summarised in the following table :—- 


MG 31 MG 21 MG | 
Number of cylinders re 9 7 5 
Cylinder diameter in mm. oe _ 125 125 125 
Stroke of piston in mm. as ‘ 140 140 140 
Compression ratio 5:1 5:1 
Maximum guaranteed h. p. and corre- 
sponding . 320/1820 220/1720 180/1890 
Nominal h.p. and corresponding num- 
ber of r.p.m. ... 270/1720 200/1680 150/1790 
Weight of the empty engine Te ae 247 214 175 
Recommended fuel and octane number 
70—72 70—72 70—72 
Specilic fuel consumption in gr./h.p. 245 245 245 
Specific oil consumption in gr./h.p. ... I15—20 IO—15 


Design of Supercharger Diffusors Taking into Account Friction Coefficients. (G, 
Skubatchevzky, Aeron. Eng. (U.S.S.R.), No. 9, Sept., 1937, pp. 52-67. 
Original in Russian.) (51/26 U.S.S.R.) 

Contents :— 
Theory of the elementary diffusor. 
Experimental arrangement and theory of the experiments carried out to 
determine :— 
(a) The quantity of air per second passing through the supercharger 
(and consequently through the diffusor under investigation). 
(b) The temperature of the air entering the diffusor —7,,°C. 
(c) The pressures in the different sections of the diffusor. 
Geometrical dimensions of diffusors. 
Experimental results. 
Effect of through-put of air on the values of the coefficients. 
Determination of air pressure in diffusors by means of coefficients of friction 
€, which are determined experimentally. 


Research and Design Problems Introduced by Increased Power Output. (O. 
Kurtz, Luftwissen, Vol. 4, No. 4, April, 1937, pp. 116-25. Available as 
translation N.A.C.A. Tech. Memo. No. 840.) (51/27 Germany.) 

The author is of the opinion that the reciprocating piston engine (either in the 
form of spark or compression ignition) will hold the field for a long time to come 
and in his paper studies in detail the following problems :— 

(1) Form and lay-out of high performance engines. 
(2) Raising of engine power. 

(3) Improving take-off performance. 

(4) Lowering of fuel consumption. 


tion 
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In brief, the conclusions are the following :— 

(1) Mechanical complications limit the minimum size of cylinder. For a 
1,000/1,500 b.h.p. engine, a number ot cylinders varying between 14 and 
24 appears promising. (Radial, V or H lay-out.) 

2) Power output depends on r.p.m. and boost pressure. The efficiency of 
the supercharger determines the mixture temperature and is therefore 
of great importance. The sleeve valve, being apparently less sensitive 
to speed and temperature than the normal poppet valve will require 
careful consideration. 

(3) Apart from special fuels (alcohol mixture) water injection appears 
promising for providing internal cooling under strenuous conditions. 

(4) At high compression ratios, the spark ignition engine with weak mixture 
will give a fuel consumption of the order of o.4lb./b.h.p. hour at 60 per 
cent. full load. Very sensitive carburettor installations are required 
to maintain this low consumption as the possible running range is 
limited. 


Turbulence in Internal Combustion Engines. (W. T. David, Engineer, No. 4277, 
31/12/37, pp. 733-4-) (51/28 Great Britain.) 

The author concludes from explosion records (cooling curves) that the tur- 
bulence due to the combustion of fast burning mixtures is of a much higher order 
than any mechanical turbulence due to the piston motion. 

The major part of the heat loss (near T.D.C.) is thus due to the combustion 
proper and mechanical turbulence only has an effect towards the end of the 
expansion stroke, when the effect of combustion in stirring up the gases has died 
down. 

Interesting photographs showing how the turbulence is associated with the last 
stages of the flame travel are reproduced. 


Acetal as Motor Fuel. (S. Doldi, Chimica e industria, No. 19, 1937, pp. 369-72. 
Chem. Absts., Vol. 31, No. 21, 10/11/37, p. 8155.) (51/29-U-.S.A:;) 

Both dimethyl and dimethylacetal can be used in alcohol fuel mixtures to replace 
part of the alcohol. The dimethylacetal is better and it has a high anti-knock 
value. With its use, motors can attain the same speed as with petrol alone, 
which cannot be done when alcohol alone is added to the petrol fuel. 


Mechunism of the Autoxidation of Simple Hydrocarbons. Autoxidation of Motor 
Fuels and Lubricating Oils. (H. Hock, Oel, Kohle, Erdoel, Teer, 13, 
1937, Pp. 697-700. Chem. Absts., Vol. 31, No. 22, 20/11/37, p. 8875.) 
(51/30 Germany.) 

Literature is reviewed briefly. The preparation of pure peroxides, their pro- 
perties and transformation are described. Reactions and properties of the tetralin 
peroxide previously reported (C.A. 31, 4619), an a-hydroperoxide, are described. 
Failure of Plisov (C.A. 30, 3975) to obtain peroxides with paraffins is explained 
by decomposition at the temperatures used (120-150°). 


Formation of Nitrogen Oxide in Combustion of City Gas iv Burners and Heating 
Chambers. (P. Schlapfer, Schweiz. Ver. Gas-u. Wasserfach. Monats- 
Bull. 17, 1937, pp. 147-60. Chem. Absts., Vol. 31, No. 22, 20/11/37, 
p. 8885.) (51/31 Germany.) 
The literature on the formation of N-O compounds during combustion is 
reviewed and their significance in the theory of detonation is pointed out. 
A series of experiments is described in which the formation of N-O compounds 
during the combustion of coal gas is demonstrated. 
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The Viscosity Temperature Index of Lubricating Oils. (Y. A. Pinkevich, 
Neftyanoe Khoz, No. 4-5, 1937, pp. 75-7- Chem. Absts., Vol. 31, No. 
20/11/37, p- 8945.) (51/32 Poland.) 

A modified Dean and Davis (cf. C.A. 24,716) equation for the determination of 
the temperature viscosity index is proposed. It is claimed that the new equation 
permits the determination viscosity temperature indexes at low temperature even 
if non-standard temperatures were used in the viscosity determination. 


The Ageing of Lubricating Oils. (H. Suida, Oel, Kohle, Erdoel, Teer 13, 1937, 
pp. 201-6 and 225-32. Chem. Absts. Vol. 31, No. 22, 20/11/37, p. 8906.) 
(51/33 Germany.) 

The following are some of the points discussed in this report :— 
1. Products formed during the ageing process. 
2. Their effect on lubricating properties. 
3. Ageing tests. 
4. The effect of fatty additions. 
5. Compensation for ageing by pre-treatment. 


The Influence of Lubricating Agents on the Starting Behaviour of Motors. (K. 
Schwaiger, Oel, Kohle, Erdoel, Teer 13, 1937, pp. 715-20. Chem. Absts., 
Vol. 31, No. 22, 20/11/37, p. 8906.) (51/34 Germany.) 

Lubrication at temperatures below o° has been studied with a new cold visco- 
meter which is described. Findings therewith are equivalent to those by motor 
tests. Changes in viscosity (kinematic units) of many lubricants below o° do 
not conform to those calculated with present-day formule. 


Lubrication of Anti-Friction Bearings. (L. Ballard, Blast Furnace Steel Plant, 
25, 29875 PP. yoo-t2. Albsts:, Vol.. 31, No. 22, 20/11/37, pp. 
8906-7.) (51/35 U.S.A.) 

Functions of lubricant for anti-friction bearings are :—(1) To provide lubrica- 
tion between the balls or rollers and their retainers; (2) to provide protection 
against corrosion; (3) to assist in forming a seal for preventing the entrance of 
dirt and abrasive materials into the housings. At high speeds the lubricant 
serves to carry a portion of the load. Bearing troubles traced to lubrication 
are :—(1) Disintegration of grease structure by severe agitation or heat; (2) oxida- 
tion of lubricant resulting in gummy deposits; (3) over-lubrication which creates 
excess internal fluid friction; (4) use of lubricants unsuited for operating 
conditions. 


Development of Acidity in Certain Lubricating Oils on Use or Oxidation. (A. RB. 
Rescorla. F. L. Carnahan and M. R. Fenske, Ind. and Eng. Chem. 
(Analytical Edn.), Vol. 9, No. 12, 15/12/37, pp. 574-6.) (51/36 U.S..A.) 

Increase in viscosity, sludge content and carbon residue of lubricating oils 
subjected to oxidation at elevated temperature are in many instances accom- 
panied by development of acidity. In such cases the acidity as measured by 
electro-metrie methods is a convenient means of following these changes and of 
furnishing additional data on the general problem of oil deterioration. 

Some of the oils studied were subjected to engine oxidation, the remainder to 
standard laboratory procedure (5 litres of air per hour at 172°C.). 

In the latter case the accelerating effect due to the presence of certain metals 

(such as copper) was investigated. 

(Eight references.) 
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Aeroplane Performance Slide Rule. (G.S. Schairer, J. Aer. Sci., Vol. s, Nos 
Nov., 1937, pp. 12-15.) (51/37 U.S.A.) 

‘The prediction of aeroplane performance is a lengthy process by conventional 
methods. This paper presents a modification of the conventional method which 
greatly shortens the time required to make an estimation. This method is based 
on the use of logarithmic instead of linear co-ordinates for plotting the aeroplane- 
power-required curve and the propeller-power-available curve. It is shown that 
all aeroplanes can be represented by one power-required curve and that standard 
propeller curves can be used to represent most fixed pitch and constant speed 
propellers. 


The Design of Flerure Pivots. (F. S. Eastman, }. Aer. Sei., Vel. 5, No. a, 
Nov., 1937, pp. 16-21.) (51/38 U.S.A.) 

The idea of supporting the moving parts of sensitive instruments on thin strips 
of metal or other elastic material rather than on knife edges or jewelled bearings, 
is not new. The advantages were clearly demonstrated by the Emery testing 
machine built in 1897 (C. H. Gibbons, ‘* Materials Testing Machines,’’ Instru- 
ments, Vol. 8, No. 3, pp. 76-78, March, 1935). 

Most aeronautical engineers are familiar with the Zahm wind tunnel balance 
(N.A.C.A. Technical Report No. 146) in which the fulerums of the weighing 
system consist of flexible pieces of steel. It is a significant fact that this device 
is essentially free from hysteretic effect caused by the friction and lost motion 
which occurs in other types of pivots and bearings. 

The author has recently designed a new six-component wind tunnel balance 
in which flexure pivots are used in various ways, and to the exclusion of all others. 
The simple but comprehensive method of analysis which is described, is an out- 
growth from the more cumbersome methods which were used to design the 
numcrous flexures of this balance. 


Performance Characteristics of Venturi Tubes Used in Aircraft for Operating 
Air-Driven Gyroscopic Instruments. (H. Sontag and D. P. Johnson, 
N.A.C.A. Tech. Note No. 624, November, 1937.) (51/39 U.S.A.) 

Wind tunnel and flight tests were made to determine the performance charac- 
teristics of two designs of commercially available venturi tubes used in aeroplanes 
to operate air-driven gvroscopic instruments. 

For constant values of the ratio of suction to atmospheric pressure, the air 
flow is approximately a linear function of the product of the indicated air speed 
and the square root of the ratio of standard air pressure to the atmospheric 
pressure. This relation is independent of altitude for a double venturi. 

For a given installation in which an air-driven instrument is connected through 
tubing with a venturi tube, the volume rate of induced air flow is approximately 
proportional to the product of the indicated air speed and the square root of the 
ratio of standard to ambient air pressure. The efficiency of such a system at a 
given altitude is constant. 


The Goodrich Flexometer for Testing Rubber. (E. T. Lessig, Ind. and Eng. 
Chem. (Analytical Edn.), Vol. 9, No. 12, 15/12/37, pp. 582-7.) (51/40 
U.S.A.) 

A definite compressive load is applied to the bottom face of a cylindrical test 
piece, the upper surface of which is subjected to a high frequency cyclic compres- 
sion of definite amplitude. The temperature rise of the sample is recorded by 
means of a thermo-couple at its base. The change in height of the test piece 
can be measured continuously and the effect of anisotropic differences in  struc- 
ture, degree of softening or hardening can be observed over a series of tempera- 
tures, the sample being enclosed for this purpose in an electric oven, 

It is claimed that the flexometer is easily operated and has the additional 
advantage that only relatively small samples are required. 
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Airport Orientator (Gyro Orientated Chart). (Inter. Avia., No. 503-4, 3/1/38, 
p- 9-) (51/41 U.S.A.) 

The object of the instrument is to provide the pilot with a chart of the airport 
of destination and surroundings, the chart remaining properly orientated by 
means of a directional gyro. The chart (supported on a vertical shaft attached 
to the vertical gimbal ring of the gyro) is set by reference to the magnetic compass 
and when approaching the airport with the help of the radio compass, the pilot 
is able to see any obstacles as well as the position of the radio beams in relation 
to the course. (As from January Ist, 1938, radio compass or direction finders 
will be compulsory on all American aircraft.) 


Instruments for Testing the Performance of Aircraft in Flight. (W. Drude, 
Luftwissen, Vol. 4, No. 12, Dec., 1937, pp. 363-6.) (51/42 Germany. 

The instruments have been developed by the D.V.L. over a number of years. 
Amongst those described and illustrated in the report, an optical pressure recorder 
for 40 measuring points (pressure distribution on aircraft in flight) is of special 
interest. 

All 40 records are traced on the same film and the measurements can be carried 
out over a period of 12 seconds without fear of the records overlapping. 

The complete recorder is circular, the recording membranes being arranged 
on the circumterence. Dimensions of apparatus 50 cm. diameter, 20 cm. high, 
weight 15 kg. 

On large aircraft the recorder can be installed in close proximity to the region 
under investigation with a corresponding reduction in the lengths of pipe line 
required. Fifteen photographs of various instruments (accelerometers, control 
force recorders, etc.) are given. 


Modern Aids to Vibration Study. (E. H. Hull, J. App. Mech., Vol. 4, No. 4, 
December, 1937, pp. A.151-5.) (51/43 U.S.A.) 

Many advantages are pointed out for the portable cathode ray oscillograph 
combined with an electrical vibration pick-up for general vibration study. Repre- 
sentative types chosen from the three principal classes of vibration pick-ups 
(displacement, velocity and acceleration) are described. The particular uses for 
these several types of pick-up and their assembly with oscillographs and ampli- 
fiers are described as well as experimental methods for determining frequency 
and phase. 

The paper concludes with a description of the use of this assembled apparatus 
in the following four vibration problems :—Detection of out-of-round journals 
and other extraneous causes of vibration when balancing large machines ; com- 
parison of the residual sources of vibration in well-balanced ball-bearing high 
speed motors; measurement of commutator roughness; and the investigation of 
high frequency noise in small single-phase motors. 


Vibration Stress Measurements in Strong Centrifugal Fields. (C. M. Kearns 
and R. M. Guerke, J. App. Mech., Vol. 4, No. 4, December, 1937, pp. 
A.156-9.) (51/44 U.S.A.) 

Following a brief review of existing methods of measuring vibrational stresses 
in strong centrifugal fields, the authors discuss the characteristics of carbon 
resistance strain gauges and indicate their method of use. 

These gauges may be calibrated statically and used for dynamic measurements 
with an accuracy of +ten per cent. With present cementing technique they can 
be applied in fields up to 12,000 times gravity. 

The necessary instruments for use with these pick-ups are described and several 
records of aircraft propeller tip stresses are shown. 


ide, 


ears. 
order 
yecial 


ried 


nged 
high, 


egion 
line 
yntrol 


dy 


aph 
Xcpre- 
es for 
a npli- 
yuency 


aratus 
yurnals 
com- 
x high 
tion of 


Kearns 


37> PP: 


stresses 
carbon 


rements 
hey can 


several 


ABSTRACTS FROM THE SCIENTIFIC AND TECHNICAL PRESS. 185 


The Bearing Strength of Steel and Aluminium Alloy Sheet in Riveted and Bolted 
Joints. (R. A. Miller, J. Aer. Sci., Vol. 5, No. 1, Nov., 1937, pp. 22-4.) 
(51/45 U.S.A.) 

It is concluded that the bearing strength of a joint made of sheets in combina- 
tion with bolts or rivets depends upon the material, the sheet thickness, the bolt 
or rivet size and the edge distance. The ultimate bearing stress intensity does 
not appear to vary directly as the ultimate tensile strength of the material, though 
the error involved in making such an assumption is small for small differences. 
Curves by means of which the allowable ultimate bearing value for 24 ST 
aluminium alloy sheet may be obtained are given. Similar curves are also given 
for chrome-molybdenum steel sheet in doub!e shear and with ultimate tensile 
strength of 80,000 and 15c,ooolb. per sq. in. 


Stress Analysis of Beams with Shear Deformation of the Flanges. (P. Kuhn, 
N.A.C.A. Report No. 608, 1937.) (51/46 U.S.A.) 

The fundamental action of shear deformation of the flanges is discussed on 
the basis of simplifying assumptions. The theory is developed to the point of 
giving analytical solutions for simple cases of beams and of skin stringer panels 
under axial load. Strain gauge tests on a tension panel and on a beam corre- 
sponding to these simple cases are described and the results are compared with 
analytical results. For wing beams, an approximate method of applying the 
theory is given. As an alternative the construction of a mechanical analyser is 
advocated. 


Stability of Plywood Plates. (L. Balabuch, Aeron. Eng. (U.S.S.R.), No. 9, 
Sept., 1937, pp. 19-36. Original in Russian.) (51/47 U.S.S.R.) 
In the present paper the following problems are considered :— 

1. Determination of the critical compression strength of rectangular plywood 
plates :—(a) With all four sides hinged to supports, and (b) when the 
two sides perpendicular to the direction of compression are hinged and 
the other two sides are rigidly fixed. 

2. Determination of the critical stress in the case of simultaneous application 

of compression and shear, 

3. Investigation of the stability of plywood plates where the direction of the 
maximum torsional strength (direction of the fibres) makes a definite 
angle with the direction of the longitudinal sides of the plate. 

The formule deduced for the strength of plywood plates when compression and 
shear are applied simultaneously appear to be approximately valid. 


Adsorption of Constituents of a Solid Phase on the Surface. (S. Dobinski, 
Nature, Vol. 141, No. 3558 8/1/38, pp. 81-2.) (51/48 Great Britain.) 

The accumulation of the constituent of an alloy on the surface can be explained 
in a quite general manner on a purely physical basis (tendency to reduce free 
surface energy to a minimum leads to concentration of constituent with smallest 
surface tension on the surface). Adsorption on the surface explains protective 
action exercised by some constituents and the problem of bearing alloys is another 
feld where the adsorption may be expected to play an important rdéle. 


Devices and Tools: made of Reinforced Synthetic Resin for Use in Metal Aircraft 
Construction. (R. Ribeke, Luftwissen, Vol. 4, No. 12, Dec., 1937, pp. 
359-362.) (51/49 Germany.) 

_In the mass production of metal aircraft, a considerable number of formers, 

jigs, etc., are required. 

In the past most of these jigs were made of steel, which not only renders their 
manufacture costly, but also leads to a considerable wastage of material. 
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The article gives a number of examples of jigs and dies made of synthetic 
resin, suitably reinforced. 

As this material can be worked as easily as wood, the jig can be made rapidly 
in the carpenter’s shop and as the parts are very light (half the density of Al) 
female labour can be profitably employed. 


Fatigue Failures from Stress Cycles of Varying Amplitude. (B. F. Langer, 
J. App. Mech., Vol. 4, No. 4, December, 1937, pp. A.160-2.) (51/50 
U.S.A.) 

The problem may be stated as follows :—Suppose a machine member is sub- 
jected to a stress of magnitude S, a certain number of times p, per unit of 
operation. (The unit of operation can be any arbitrarily chosen quantity, such 
as an hour, a revolution, or a mile.) During the same period a stress S, is 
applied p, times, S, is applied p, times, and so on. If the fatigue characteristics 
of the material are known, how can the life of the member be estimated ? 

The author attempts to answer this question from the study of crack growth 
curves, but concludes that much further experimental work is required before the 
results can be generalised. The question is of importance to designers, since 
considerable economy may often be effected in the cost of a structure, if maximum 
stresses above the endurance limit can be allowed, provided it is known that such 
stresses will not be repeated often enough to endanger the structure within the 
expected life. 


Recent Investigations in Plastic Torsion. (C. W. MacGregor and J. A. Hrones, 
J. App. Mech., Vol. 4, No. 4, December, 1937, pp. A.163-9.) (51/51 

Tension, double shear and torsion tests on cast iron, S.A.E. 1045 annealed steel, 
and §.A.E. 1112 annealed steel are described in which the quantitative relations 
between the so-called modulus of rupture, double shear strength, and actual 
maximum shear stress in the bar at fracture are given for each material. The 
shear stress distribution over the cross section of each bar at fracture is also 
determined. 

Finally, there is described a series of plastic torsion tests on bars of mild steel 
with various new cross sections of practical interest, namely, the splined shaft, 
the circular shaft with two shallow rectangular keyways, double- and four-lipped 
drills, and I-beams. In these tests, the regions of initial yielding are determined 
by means of the Fry etching method. 


The Calculation of Maximum Deflection, Moment, and Shear for Uniformly 
Loaded Rectangular Plates with Clamped Edges. (1. A. Wojtaszak, 
J. App. Mech., Vol. 4, No. 4, December, 1937, pp. A.173-6.) (51/52 
U.S.A.) 

The problem of the uniformly loaded rectangular plate with four clamped edges 
has been solved by H. Hencky and independently by J. Boobnoff. Hencky made 
refined calculations only for the case of a square plate while Boobnoif made 
precise calculations for several ratios of the sides of the plate. This article gives 
the results of calculations for maximum deflection, moment, and shear for several 
ratios of the sides of the plate, using Hencky’s equations. Curves are drawn 
with the coefficients, used in defining these maximum quantities, as ordinates 
and the ratios of the sides of the plate as abscissas. 


The Stability of a Clamped Elliptic Plate under Uniform Compression. (S. 
Voinovsky-Krieger, J. App. Mech., Vol. 4, No. 4, December, 1937, Pp 
4151/5300 

The energy criterion of stability, investigated by G. N. Bryan and S. 

Timoshenko, has been applied with great success to numerous problems of 


such 
S, 18 


ristics 


rowth 
re the 
since 
imum 
t such 
in the 


rones, 


| steel, 
lations 
actual 

The 


s also 


d steel 

shaft, 
-lipped 
rmined 


| ¢ dees 


made 
made 
gives 
several 
drawn 
dinates 


ABSTRACTS FROM THE SCIENTIFIC AND TECHNICAL PRESS. 187 


buckling of thin elastic plates submitted to compressive or shearing forces in their 
own plane. The cases discussed up to the present have concerned almost 
exclusively rectangular plates, this form of the plate being practically the most 
important. The application of the energy method to plates bounded curvi- 
linearly is illustrated in the present paper by the case of the elliptic plate. 


Recent Research in Elasticity. (J. N. Goodier, J. -App. Mech., Vol. 4, No. 4, 
December, 1937, pp. A.179-82.) (51/54 U.S.A.) 

Since the last review on elasticity research (published in this Journal, March, 
1930) more than 300 papers on the subject have been published. The present 
review deals with some of the more important work under the generalised 
headings of stability, stress analysis in two dimensions, photo-elasticity, torsion 
and flexure, flexure of plates, thermal stress, impact and frame works. <A certain 
number of papers on general theory are also included (48 references). 


Long Range Weather Forecasting. (G. Walker, Nature, Vol. 141, No. 3558, 
8/1/38, p. 85.) (51/55 Great Britain. ) 

It has been found that the movements of regions of rising and falling surface 
pressure determined for a 24-hour interval, and defined by 24-hour isallobars, are 
usually almost completely in accordance with the gradient wind at a height of 
5 km. and not with winds near the ground. At times, however, the ‘‘ steering ”’ 
of the 24-hour isallobaric regions is by winds in the stratosphere, and that of the 
3-hour isallobars by the winds of the lower troposphere. It has been found that 
the mean duration of a ‘* broad weather *’ situation is 54 days, and that their 
life histories are closely connected with the formation and decay of ‘* highs ’’ 
and *‘ lows *’ in the stratosphere. Since isallobaric systems most often move 
from some westerly point, this method would be less effective in British fore- 
casting (where identification of the systems is hampered by paucity of observations 
to westward) than on the continent (Germany). 


Point Discharge Currents during Thunderstorms. (M. N. S. Immelman, Phil. 
Mag., No. 166, January, 1938, pp. 159-63.) (51/56 Great Britain.) 

During fine weather there is a positive potential gradient over the surface of 
the earth, the average value for the whole earth being about 120 volts per metre. 
This gives rise to a downward “ fine weather ’’ current of about 1,000 amperes. 
In addition there exists a ‘‘ precipitation ’? current of about 400 amperes. 

It appears that during thunderstorms the potential gradient is generally reversed 
and experiments carried out by the author over a number of vears show that the 
magnitude of this effect is sufficient to prevent the indefinite accumulation of 
positive ions associated with fine weather. 


Progressive Lightning. IV.—The Discharge Mechanism. (B. F. J. Schonland, 
Proc. Roy. Soc., Series A, Vol. 164, No. 916, 7/1/38, pp. 132-150.) (51/57 
Great Britain.) 

1. Oscillographic observations indicate that all processes in the discharge to 
ground observed in South Africa involve a cloud cathode and an earth anode. 


2. The first lightning stroke appears to involve: 

(1) The development of a pilot streamer, a negative streamer proceeding 
from the cloud into virgin air. 

(0) The periodical catching up of this pilot streamer by a much faster step 
streamer, a negative streamer advancing along an ionised path. 

(c) The distribution by this leader process of the greater portion of the cloud 
charge tapped by it upon a branched leader channel in the air below the 
cloud. 

(d) The passage of this charge to ground in the return stroke, a positive 
streamer travelling along an ionised and oppositely charged path. 
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3. The second and subsequent strokes involve: 

(a) A fast dart streamer, a negative streamer advancing along an ionised 
path. 

(b) A return stroke streamer similar to 2 (d). 

4. The mechanisms of the three types of streamer are investigated. Satisfac- 
tory explanations of their behaviour can be derived. 

5- Discussions are given of the currents in the various streamer processes, of 
the luminosity associated with their movement and of the effect of space charge 
on leader development. 

6. Evidence is given which indicates that the occurrence of separate strokes in 
the discharge is due to the presence in the cloud of separate charge generating 
centres. 


The Effect of Change of Temperature on the Strength of Permanent Magnets with 
Special Reference to Magnet Steels. (A. C. Whiffin, J. Inst. Elec. Engs., 
Vol. 81, No. 492, December, 1937, pp. 727-40.) (51/58 Great Britain 

A survey is made of the literature and it is found that a magnet can be put 
into steady condition, as regards magnetic strength, by mechanical shocks or 
by cyclic heating, and then it has a definite strength at each temperature, the 
connection between the two generally giving rise to a negative coefficient. 

In the present paper a description is given of a rotating search coil and ballistic 
galvanometer arrangement for testing cobalt steel, aluminium-nickel, and 
aluminium-nickel-cobalt alloy magnets over the temperature range —60°C. to 
100°C. When the magnets had attained the reversible state it was found that 
the magnetic strength H, could be connected with the temperature r (°C.) by an 
equation of the type 

H,=H, (1 +ar+ br?) 


where a and b were negative constants and were determined for each magnet. 


Experiments with Ultra High Frequency Antenna for Aeroplane Landing lcam. 
(H. Diamond and F. W. Dunmore, Proc. Inst. Rad. Eng., Vol. 25, No. 12, 
Dec., 1937, pp- 1542-60.) (51/59 U.S.A.) 

Experiments are described on the electrical properties of an ultra high frequency 
transmitting antenna operating very near to and below the surface of the ground. 
The work was done with the object of locating the landing beam in the centre of 
an air port in order to secure a steeper approach path and provide landing 
facilities for different wind directions. The effect of the proximity of the ground 
to the transmitting antenna on the low angle distribution of energy and polarisa- 
tion is described. An approximate mathematical analysis is given o! the 
mechanism of setting up a landing path when the transmitting antenna is below 
the ground surface. 

The method is regarded as very promising, and it gives a very material increase 
in the flexibility of use of the landing beam. 


Minimum Noise Levels Obtained on Short Wave Radio Receiving Systems. 
(K. G. Jansky, Proc. Inst. Rad. Eng., Vol. 25, No. 12, Dec., 1937, pp. 
1517-30.) (51/60 U.S.A.) 

The theoretical minimum noise level of receivers in the absence of any inter- 
ference, the source of which is external to the receiver, is discussed and compared 
with the limit actually measured on various antenne over a limited frequency 
range in the short wave spectrum. It is pointed out that on the shorter wave 
lengths and in the absence of man-made interference, the usable signal strength 
is generally limited by noise of interstellar origin. The power obtained from this 
noise with various antennz and for different times of day are given. 
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Recently, man-made interference, of which that caused by diathermy machines 
constitutes the greater part, has become so extensive that it is now the limiting 
noise during most of the daytime. Data are given on the intensity and extent 
of this form of interference. 


Solution of Variable Circuits by Matrices. (L. A. Pipes, J. Frank. Inst., Vol. 
224, No. 6, December, 1937, pp. 767-777.) (51/61 U.S.A.) 

It is the purpose of this paper to present a method for the numerical solution 
of circuits whose parameters vary with the time. The method is not limited to 
electrical networks, but any electrical or mechanical system whose behaviour 
may be expressed by an ordinary homogeneous linear equation with variable 
coeflicients. This method is particularly well adapted to the solution of the free 
oscillations of circuits whose parameters are periodic functions of the time. This 
class of problem is of great technical interest both in engineering and in physics. 


Short Wave Wireless for Sail Planes. (Luftwissen, Vol. 4, No. 12, Dec., 1937, 


Pp. 355/358.) (51/62 Germany.) 

The sending and receiving set carried in the plane operates on a wave length 
of 12.2 m., the complete installation weighing 4.5 kg. Telephonic communica- 
tion with the ground station is possible for distances up to 80 km., whilst con- 
versation between two sail planes can be carried out up to 20 km. 

Some details of the electrical circuits are given, and it is pointed out that 
communication during the night was surprisingly good. (Ten photographs.) 


A New Television System. (H. Braude, Tech. Phys., U.S.S.R., Vol. 4, No. 9, 
1937, pp. 671-706. Original in German.) (51/63 U.S.S.R.) 

In the usual television systems, the scanning of the original picture is carried 
out either by rotating discs or by oscillating electron beams. In the present 
systems, the scanning impulses are associated with changes in the position of 
zero potential on the surface of a conducting wire placed in an electrostatic field, 
the wire being suitably coated so as to act as a photo cell responding to variable 
illumination. It is claimed that the new television system gives very good 
definition for a sub-division of 300 lines and that an adaptation to the Leningrad 
telephone system is in preparation. 
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REVIEWS. 
AIRPLANE MAINTENANCE. 
By John H. Younger, P. H. D. Allan, F. Bonnalie and Nairne F. Ward. 
Published by McGraw-Hill Publishing Co., Ltd. Price 18/-. 

This book is of considerable interest for it describes in detail the methods of 
aircraft maintenance and repair used in the U.S.A. The subject is dealt with 
thoroughly, and the book ranges from the qualifications of an aircraft mechanic 
to methods of repairing sheet metal structures. 

Throughout the book great emphasis is laid on the importance of a course in 
carrying out the operations described and, in fact, it is difficult to attach too 
much importance to this, for the safety of the machine and all its occupanis is 
in the hands of the mechanic. It is important that he should know what he can 
do on his own responsibility, what repairs should be sanctioned by the designing 
firm, and what is likely to happen if he makes a mistake. It is this information 
which this book supplies. 

Here and there are found inconsistencies which should be corrected in future 
editions. For instance, there is on page 60 a definition of toughness in metals 
which does not include a notch test. Later on the notch test is referred to as 
measuring toughness and the reader, who may be ignorant of the subject, is 
liable to be puzzled. Possibly the word toughness does not carry the precise 
meaning in American that it does in English. Again, on page 73, the statement 
is made that ferrous and non-ferrous metals react similarly to heat treatment. 
This is wrong. 

But apart from a few blemishes of this sort the book should be studied by all 
those interested. There is much more experience in the U.S.A. than in this 
country on the maintenance of metal structures in commercial aircraft, and many 
of the methods developed there should be capable of application here. Apart 
from this the study of other methods of doing things from there to which one 
is accustomed is always of importance, especially if the other methods have as 
much experience behind them as the American. 


THE PRINCIPLES AND PRACTICE OF LUBRICATION. 
By Alfred W. Nash and A. R. Bowen. Published by Chapman & Hall. 
Price 18/-. 

This manual is a useful addition to engineering literature, for lubrication 
problems are often not properly understood by those concerned with the design 
and maintenance of machinery. There are always available many oils of varying 
chemical composition, viscosity and cost, and it requires a definite knowledge of 
the principles of the subject before the most suitable can be selected. 

In this matter this book should do a direct service to the engineer, for the 
question of the oil is largely dealt with from the practical aspect, although there 
is also information on the more abstruse questions of chemical composition. 
The effect of viscosity and of animal and vegetable oils, whether used alone or 
compounded with mineral oil, is discussed, and the reader should have no difficulty 
in understanding the significance of these features. Apart from general quality 
they are really the most important aspects of the question. 

There is not very much about the highly specialised question of aero engine 
lubrication which is probably too specialised to interest the general reader, but 
a perusal of the book will give a clear idea of the general principles of lubrication 
in a manner which is easy to read. 
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MrvALLOGRAPHY. 
By C. H. Desch, D.Sc., F.R.S. Published by Longmans, Green & Co. 
Price 21/-. 

the object of this book is to provide a general introduction to the subject 
primarily for the use of students. The author is well-known as the Superintendent 
of the Metallurgy Department of the National Physical Laboratory. This is 
the fourth edition of the work, and it has been drastically revised and some 
chapters have been rewritten. : 

Although principally intended for students there is much in this book which is 
of interest to the aeronautical engineer. Modern methods of examining metals 
and their alloys, modern knowledge of their structure and the modern methods 
of taking photographs and their interpretation is all information which no 
engincer who has to deal with the latest developments in alloy steels can afford 
to be without. The author is not afraid to say that he does not know when this 
is necessary, as is shown by his remarks on the structure of nickel chrome steels 
and the subject of notch brittleness, and it is to be hoped that in some later 
edition this matter may be clear. But at the same time it does seem that the 
increasing complication of modern alloys are introducing difficulties with which 
the metallurgist has not yet been able to cope. Diagrams of thermal equilibrium 
may be difficult to draw when the metal has only two constituents, but when there 
are many the difficulties seem at present insuperable. But the metallurgist has 
already taught us so much about the metals we use that we may have confidence 
that he will eventually solve even those greater difficulties presented by modern 
alloys, and that even better material will be possible in the future. 

This is a valuable book and is a notable addition to the literature on the subject. 


G. Orro: STABILITAETS-UND LEISTUNGSBERECHNUNGEN FUER FLUGZEUGE MIT 
ANWENDUNG AUF DEN PRAKTISCHEN FLUGBETRIEB. (Aeroplane Stability and 
Performance Calculations with Applications to the Flying Praxis.) 
86 pages, 53 fig. and diagr., 35 num. tabl. Published by C. J. E. 
Voleckmann Nachf. E. Wette, Berlin-Charlottenburg. 1937. Price 
R.M. 3.50. 

In its condensed and practical form, this booklet is similar in its conception to 
the ** Design and Calculation of Aeroplanes,’’ written by the same author and 
reviewed in the January issue of the JouRNAL. 

The author begins with a rather short approximate and elementary calculation 
of flying performances with reference to wind tunnel tests. Next, longitudinal 
stability calculations are shown by giving a numerical example. The dynamical 
stability in gliding and power flight is included. A third and very valuable part 
is devoted to tests with aeroplanes and measurements needed for stability and 
performance computation: Determination of the C.G. of land- and seaplanes, 
determination of moments of inertia of aeroplanes and airscrews, calculation of 
lift, drag and moment for aerofoil sections obtained by direct measurement of a 
given aeroplane wing, determination of stationary airscrew thrust and velocity 
distribution, determination of speed by means of triangular flights along given 
courses, evaluation of barograph curves. 

The booklet cannot replace a text book, but it may be considered useful for 
those desiring information for applications of aero-mechanical questions. It is 
carefully written, but it could certainly be improved by giving more reference 
as to the simplifications and assumptions implied in formulas and schemes applied. 


DURALUMIN AND ITS HEAT TREATMENT. 
By P. Litherland Teid. Published by Charles Griffin and Co., Ltd. 
Price 12/6. 
_ This book is concerned with the composition of duralumin, the reason for the 
ingredients used and the heat treatment of the finished material. The author is 
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not contented with giving the recommended heat treatment, but he has used 
temperatures covering a reasonable range with the object of finding out what 
happens. Although the result of the investigations is that the temperatures 
recommended are the best, it is useful to have the whole subject investigated in 
this way. It should be added that in almost all cases test pieces have been 
made and broken, and that the results are given in tabular form, and, where 
necessary, in the form of graphs. 

Aluminium alloys, of the duralumin type, have opened to engineers an entirely 
new form of structural material, characterised by strength and lightness, and it 
is certain that they will find a more extensive use in the future as engineers in 
various branches of industry learn to appreciate their advantages, and have been 
able to convince themselves that they are reliable. From the aircraft point of 
view, many designs depend entirely on this material and it seems likely that such 
alloys will continue to be used for a long time to come. This book should appeal 
to the engineer who has to use duralumin, for it describes the reasons for the 
various treatments and temperature, and explains, with tests, what happens 
when the standard temperatures are departed from. Knowledge of this sort is 
always useful. 


ATR RULE OF THE RoaD AND .\IR LEGISLATION. 
By Lieut. Commander K. Sinnocks. Published by Brown, Son and 
Fergusson, Ltd. Price 5/-. 


This is a useful reference book to the Kule of the Air and contains a résumé 
of Air Legislation, notes on documents required, markings, log books, instru- 
ments, in fact all matters which should be understood by those who fly aeroplanes, 
whether for hire and reward or for pleasure. Illustrations are given in colour 
of the many coloured signals, but there is a little awkwardness in using a yellow 


colour for white signals and a darker shade of yellow for orange. It would 
probably have been better to show white as white paper. 

The book is comprehensive, as a book of its type should be, and naturally 
includes signals and lights which a pilot might not run across in a lifetime. The 
book should be of great use to those engaged in the operation of aircraft. 
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